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ANNUAL ENVIRONMENTAL MONITORING REPORT 

U S DEPARTMENT OF ENERGY, ROCKY FLATS PLANT 

January through December 1979 

ABSTRACT 

l k s  report documents the 1979 enwronmental 
survedlance program at the Rocky Flats Plant, as 
conducted by the Environmental Analysis Section 
of the Envlronmental Sciences Branch Sample 
analyses are performed by the Health, Safety, and 
Envnonmental Laboratones of the Health, Safety, 
and Envlronment Department and by the General 
Laboratory o f  the Quality Engmeenng and Control 
Department The report includes an evaluation of 
Plant comphance with all  appropnate guides, lmits,  
and standards Potenhal pubhc r a l a h o n  dose 
commitments were calculated from average radicr 
nuchde concentrabons measured at the Plant 
property boundanes and 111 surroundmg communities 

INTRODUCTION 

The Rocky Flats Plant 1s a government-owned and 
contractor-operated fachty It is part of a nation- 
wde nuclear weapons research, development, and 
production program admustered by the 
Albuquerque Operations Office of the U S Depart- 
ment of Energy (DOE) The pnme operatmg 
contractor for the Rocky Flats Plant is the Energy 
Systems Group of Rockwell Internahonal 

The Rocky Flats Plant is located rn northern 
Jefferson County, Colorado, almost equidlstan t from 
the cibes of Boulder, Golden, and Arvada (Figure 1 )  
I h e  fachty, located at 105’ 1 1 ’  30” west longtude 
and 30” 53’ 30” north latitude, is approxlmately 
26 kdometers (16 mdes) northwest of downtown 
Denver The site consists of approxmately 2,650 
hectares (6,500 acres) of federally owned land As 
shown 111 Figure 2, major Plant structures are located 
wtfun a secunty-fenced area of 155 hectares 
(385 acres) 

The Plant is a key DOE facility for producmg 
components for nuclear weapons, thus, its product 
IS directly related to national defense The Plant 
is involved 111 fabncatmg components from plutonium, 
uranium, beryllium, and stanless steel Production 
activihes include numerous me trdworkmg, fabnca- 
tion, and assembly shops, chemical recovery and 
punficaticn o f  transuranic radionuclides, and 
quality control functions Research and engmeenng 
programs supporting these activities include 
chemistry, physics, matenals technology, ecology, 
nuclear safety, and mechanical engmeenng 

As part of DOE’S energy research programs, a Small 
Wind Energy Conversion Systems (SWECS) test 
facdity has been constructed in the northwest 
comer of the Rocky Flats Plant s t e  This test 
fachty is a national research center in the 
development and testmg o f  small wind energy 
dewces 

The more than 100 structures that now exlst on 
the Plant site contam about 189,000 square meters 
(2 03 mdhon square feet) o f  floor space O f  th~s 
space, major manufactunng, chemical processmg, 
and waste treatment fachhes occupy about 126,000 
square meters ( 1  36 million square feet) About 
29,800 square meters (32 1,000 square feet) of  that 
total IS for a new plutonium recovery and waste 
treatment buddmg now under construction Malor 
laboratory and research bulldmgs occupy about 
13,850 square meters (149,000 square feet) The 
r e m m n g  floor space is divided among administra- 
tive, utdity, secunty, warehousmg, storage, and 
construction contractor fachties 

All of the Plant’s heatmg requirements are supphed 
by m-plant steam boders that normally use natural 
gas but also are capable of usmg fuel od Dunng 
Calendar Year 1979, approxunately 19 4 mlllion 
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cubic meters (685 million cubic feet) of natural gas 
and approximately 2 65 million liters (700 thousand 
gallons) of fuel oil were used Raw water is pur- 
chased from the Denver Water Board and is drawn 
from Ralston Reservoir and the South Boulder 
Diversion Canal The Rocky Flats Plant used 
approxmately 443 million liters ( 1 17 million 
gallons) of water dunng 1979 

The piedmont of the Front Range o f  the Rocky 
Mountains rises 8 kdometers (5 mdes) west of the 
site and crests at  the Continental Divide, which 
is 3 2  kdometers (20  miles) beyond the Rocky Flats 
Plant The natural envlronment of the Plant s t e  
and vicinity is influenced pnmanly by (1 ) the Front 
Range of the Rocky Mountams and (2) the stte 
elevation, which is approxmately 1,829 meters 
(6,000 feet) above sea level The surficial geology 
o f  Rocky Flats consists of a thin layer o f  gravelly 
topsoil underlain by a 6- to 15-meter-thick layer 
(20 to 50 feet) o f  coarser, clayey gravel This, in 
turn, is underlam by an mpermeable bedrock 
structure upon which most of the Plant’s buddmg 
foundahons are supported Area hydrology is 
influenced by the topsod, whch  consists o f  gravelly 
and hghly permeable alluvium Little water is 
retamed in the sod, and vegetation m the area is 
sparse Cactus such as prickly pear and Spanish 
bayonet,,and assorted grasses representaWe of a 
mixed short- and mid-grass p lan ,  constrtute the 
mam ground cover Introduced Eurasian weeds 
also make up a significant percentage of the flora 
Cottonwood trees grow adjacent to  watercourses 
The geographlc features of the Plant, m combma- 
tion with rocky sod, low ramfall, frequent hgh 
wnds, and solar radiabon, produce a harsh, 
semiand c lmate  

As shown in Figures 2 and 3 ,  surface water runoff 
from the Plant IS from west to east Runoff is 
carned from the Plant by three major dramage 
basms that are tnbutary to Walnut Creek on the 
north and to Woman Creek on the south The 
south fork o f  Walnut creek is the m u  effluent 
watercourse from the Plant. The confluence o f  the 
north and south forks of Walnut Creek is 1 I 
kdometers (0 7 miles) west of  the Plant’s eastern 
penmeter Great Western Reservoir, a major water 
supply for the city of Broomfield, is about 1 6 
kdometers (1 mde) east o f  thls confluence Woman 

Creek flows east from Rocky Flats into Standley 
Lake, a water supply for the city of Westminster 
and for portions of the cities of Northglenn and 
Thornton Ponds on the north fork of Walnut Creek 
are designated A-1, A-2, and A-3 Ponds on the 
south fork are designated B-1 through B-4, and the 
pond on the Woman Creek watercourse is designated 
C-1 Dunng 1979, construction began on a senes o f  
mterceptor canals and three new surface water 
control ponds The three ponds are located down- 
stream from the present ponds, and will be designated 
as Ponds A-4, 0-5, and C-2 The new ponds wdl be 
completed dunng the summer o f  1980 

Personnel m the Environmental Sciences Branch of 
Rockwell International at Rocky Frats conduct an 
extensive environmental sunelllance program This 
program is designed to provide assurance that the 
many safeguards at the Plant effectively limit the 
release o f  radioactive or toxic matenals Environ- 
men tal Sciences personnel assist vanous operatmg 
groups m adhermg to the DOE policy that 
“ operahons shall be conducted m a manner to  
assure that radiabon exposure to mdwiduals and 
population groups IS lmited to the lowest levels 
technically and economically pracbcable ” 

The envlrons are morutored and sampled for r a d i e  
achvity and for chemical and biologcal pollutants 
h r ,  water, sod, and vegetatron are sampled on the 
Plant site and throughout the surroundlng reDon 
Several federal, state, and local governmental 
agencies mdependently conduct additronal envlron- 
mental surveys on and off the Plant s t e  The 
Colorado Department of Health samples ax, sod, 
and water at  the Rocky Flats ate It  also operates 
an on-site, contmuous, particulate au sampler for 
the Jefferson County Health Department The 
DOE Environmental Measurements Laboratory 
(EML) conducts paficulate a x  s a m p h g  m the 
viciruty of the Rocky Flats Plant and penodically 
performs special stuhes, mcludmg sedlment and 
sod s a m p h g  and analysis Additional special 
sampling has been performed by the U S Enwon- 
mental Protechon Agency (EPA) 

The information contamed in th~s  report is sub- 
mitted in compliance with Energy Research and 
Development Administration (now DOE) Manual 
Chapter 05 13 ,’ and is a compilation of data provided 
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monthly to the DOE Rocky Flats Area Office, the 
Radiation and Hazardous Waste Control Division o f  
the Colorado Department of Health, Region VIIl  
of the EPA the health departments o f  Boulder and 
Jefferson Counties, and to interested city officials 
m communities near the Plant A monthly meetmg 
is held with the Colorado Department of Health to 
review the data These meetings are attended by 
interested citlzens and by representatives of the 
agencies just mentioned 

SUMMARY 

Dunng 1979, the Rocky Flats Plant conducted an 
environmental monitonng program that included 
the sampling and analysis of ar,  water, and soil on 
and o f f  the Plant site 

Particulate samples were collected from air samplers 
that operated continuously at the Plant penmeter 
and in nine communitles located near the Plant 
Analysis o f  these samples mdicated that the average 
concentrahons of axborne plutonium at penmeter 
and commumty locahons were idenhcal and were 
withm the range attnbuted to fallout from atrno- 
sphenc nuclear weapons testmg Dunng 1979, the 
average plutomum concentrahons in a r  a t  the Plant 
penmeter and 111 surroundmg commuruties were less 
than 7 4 X IO” Bq/m3 (0 02 X IO-’’ pCi/ml) * 
This value IS less than 0 10% of the apphcable DOE 
Radioactivity Concentrahon Guides (RCG’s) and 
less than 2% of the EPA proposed guidance for 
plutoruum in ambient alr 

Dunng 1979, start-up testmg and prelunmary data 
collechon were mihated to monitor ambient a r  
for selected nonradioacbve parameters The pro- 
gram was conducted through the use o f  a self- 
contamed mobile ambient air monitonng (MAAM) 
van Monthly data were collected for carbon 
monoxide (CO), nitrogen dioxide (NOz ), and ozone 
from Apnl to November Regulations controlling 
these matenals have been promulgated by the EPA 
through the Nahonal Ambient Pur Quality Standards 
(NAAQS) Monthly average concentrahons for 
carbon monoxide and ozone a t  the start-up location 
ranged from 0 42 to 2 17 ppm and 0 30 t o  0 43 ppm, 
respectively These concentrations are below the 

.Bq - becquerel(1 Bq = 1 dlsmtegrauon per second) 

NAAQS Nitrogen dioxide monthly Jverage Lon- 
centrations rmged trom 0 019 to 0 042 ppin Some 
maximum hourly averages indicated concentrations 
o f  nitrogen dioxide that exceeded the NAAQS o f  
0 05 ppm 

Dunng 1979, water discharged from the Plant 
consisted o f  stormwater runoff and treated sanitary 
wastewater The sanitary wastewater was processed 
through the Plant tertiary water treatment facility 
before discharge, and all discharges were monitored 
for compliance with the EPA Nabonal Pollutant 
Discharge Elimination System (NPDES) permit One 
pH violahon occurred durmg May The monthly 
effluent Imitabon for total residual chlorme was 
exceeded dunng October, November, and December 
In all cases, causes for the violations were identified 
and corrective actions taken 

The plutonium uranium americium, and tritium 
radioactivity concentrations measured in Great 
Western Reservoir and Standley Lake during 1979 
all were found to be less than 0 07% o f  the 
apphcable RCG’s 

Dmking  water from rune commuruhes was 
morutored for plutonium, uranium, and amencium 
All annual average concentrahons were less than 
0 06% of the applicable RCG’s The sum of the 
plutonium and amencium concen trahons m all 
commumty dnnkmg water samples was less than 
0 26% of the State of Colorado regulahon for alpha- 
emittmg radionuclides m dnnkmg water and the 
EPA Nahonal I n t e r n  P r n a r y  Dnnking Water 
Regulations 

A new soli sampling program was lmplemented 
dunng 1979 It  is designed to provide information 
on the possible migration o f  radionuclides and for 
famdianzahon with the EPA Proposed Guidance on 
Transuraruurn Elements in the Environment Only 
the latter phase was initiated in 1979 with the 
analysis of 18 samples The highest concentration 
of plutonium reported was 4 4 X IO8 Bq/km2 
(1 1 90 mCi/km2 ), which is 6% of the EPA proposed 
guideline for plutonium in soil 

Potential public radiaQon dose commitments, whiLh 
could have resulted from Plant effluents, were cd-  
cuiated from average radionuclide concentrations 

3 
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measured at  the DOE property boundanes and m 
surrounding communities Dose assessment for 
I979 was conducted for the DOE property (site) 
boundary, nearby communities. and to a distance 
ot 80 km (50 mi) Dose conversion factors used for 
the calculahons were generated by computer codes 
At the Plant boundary, the maxmum probable 
radiation dose was calculated to be a 70-year dose 
commitment of less than 4 1 x 
(4 1 X 
than 1 3 X 
Source terms for the maxmum probable dose at 
the site boundary have been partially adjusted to 
account for radioactivity that was not of Rocky 
Flats ongm Using these source terms, the 
organ doses are reduced to  less than 4 0 X 
(4 0 X mrem) for the total body and less than 
1 2 X mSv ( 1  2 mrem) for the bone By 
companson, annual doses to the body and bone 
trom natural radiation in the Denver area are 1 50 
and 1 68 mSv ( 1  50 and 168 mrem) per year, 
respectively The 70-year dose commitments of 
less than 4 0 X 1 O-s mSv (4 0 X 1 0'3 mrem) and 
less than 1 2 X mSv (1 2 mrem) represent less 
than 0 0008% and less than 0 08%, respechvely, of 
the annual DOE radiatlon protechon standards for 
an individual at points of maxmum possible 
exposure 

mSv* 
mrem) to the total body, and less 

mSv ( 1  3 mrem) to the bone 

mSv 

Based on the measured radionuclide concentratJons 
in surrounding commumties, 70-year dose 
commitments of less than 2 6 X mSv 
(2 6 X lo-' mrem) to  the total body and less than 
7 3 X mSv (7 3 X lo-' mrem) to the bone 
were calculated These values mclude contnbutron 
from fallout, and represent less than 0 002% and 
less than 0 15%, respectively, of the annual DOE 
standard based on average dose for a suitable 
sample o f  the exposed populahon. 

Based on the commumty radiation dose values, the 
70.year total body dose commitment to the popula- 
tion living wthm 80 km (50 mi) of the Plant is 
estimated to be less than 5 2 X 
(5 2 man-rem) The correspondmg dose from 
natural radiation background is 3,000 man-sieverts 
(300,000 man-rem) 

man-sieverts 

*mSv - mdhsievert (1  mSv = 100 mmn) 
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Dunng 1979,  complete data were not collected 
from the Plant's 61-meter (200 foot) meteoro- 
logical tower Lightning struck the data transmission 
lme at a location between the tower and a Plant 
building The lightnmg strike caused extensive 
damage to a magnetic tape data storage unit and to 
the processmg units of the data aquisition system 
The system currently is being repaired 

A summary of temperature, precipitation, and wind 
data for the 24-year penod, 1953-1976, is gwen in 
Table 1 Figure 4 shows the most recent wind rose 
(1975)  that accurately depicts typical wind speed 
and wmd dlrecQon for the Rocky Flats Plant 

MONITORING, DATA COLLECTION, 
ANALYSES, AND EVALUATION 

Apphcable Guides and Standards 

The Rocky R a t s  Plant Environmental Monitoring 
Program mcludes evaluatlng Plant compliance with 
all relevant guides, lmits ,  and standards Guide 
values for radionuclides in ambient a r  and water- 
borne effluents, for example, have been adopted 
by the Department of  Energy 
based on recommendations published by the 
International Commisslon on Radiologxal Protection 
(ICRP) and the National Councd on Radiation Pro- 
techon and Measurement (NCRP) Lmits  for 
nonradioactive pollutants m effluent water have 
been defined by an EPA National Pollutant Discharge 
Elunination System (NPDES) discharge permit ' In 
1976, the EPA also established standards for radio- 
nuclides in dnnlung water s These dnnking water 
standards have been adopted, in turn, by the state 
of Colorado 

The guides are 

The Radioachvity Concentration Guides ( RCG'S)~ 
adopted by DOE, formerly the Energy Research and 
Development Admmistrahon (ERDA), include 
permissible concen trahons of specific radionuclides 
and mixtures of radionuclides in au  (RCG,) and 
water (RCG,) for controlled areas and uncontrolled 
areas These guides are reduced by a factor o f  three 
when applied to a suitable sample of the exposed 
population Numencal values of the guides for 

I 
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specific radionuclides are cited in some o f  the tables 
presented in this report The guides additionally 
restnct the concentratlon of radionuclides in a 
mixture such that the sum of  the ratios o f  each 
radionuclide concentration to the appropna te 
concentration guide shall not exceed a value of 1 
The guides further state that a radionuclide may be 
considered as not present m a mixture if (a) the 
ratio of the concentrahon o f  that radionuclide m 
the mixture to the concentration guide for that 
radionuchde does not exceed one-tenth and (b) the 
sum of such ratios for all radionuclides considered 
as not present in the mixture does not exceed 
one-fourth 

Dunng 1979, average specific ralonuclide concen- 
trations in a r  and water were all less than one-tenth 
of the appropnate concentration guides for specific 
radionuclides The sum o f  the rahos of these average 
concentrations to thelr respective RCG's was less 
than one-fourth for aII a n  and water samplmg 
locations. The measured concentrahons in the 
tables have therefore been compared to the concen- 
trabon guides for specific radionuchdes rather than 
the guide for muttures 

For purposes o f  companng ra&onuchde concentra- 
trons to the RCG's, the most restnctive RCG is 
applied without regard to solub&ty Throughout 
this report, where a radionuclide concentratron is 
expressed as the cumulatwe measurement of more 
than one isotope, the stated RCG used for compan- 
son also represents the most restnctwe RCG for 
that grouprng of isotopes Plutomum concentrahons 
measured at Rocky Rats represent the alpha radio- 
activity from plutonium isotopes 239  and 240, 
which constitute over 97% of the alpha radioactivity 
in the plutonium handled at the Plant 

Reported uranium concentrahons are the cumulatwe 
alpha activity from uraruum-233, -234, and -238 
Uranium-235 is the mqor isotope (93% by weight) 
in the ennched uranxum at Rocky Flats; however, 
uran~um-234 represents approxunately 97% of the 
alpha activity of ennched uranium The uranium 
RCG's used in this report for a r  and water are 
those for uranium-233 and -234, which are the most 
restnctive 

The applicable EPA standard for beryllium (a 
nonradioactive material) 111 airborne effluents from 
Plant buildings IS 10 grams per stationary SoiirLe in 
a 24-hour tune penod ' For mibient air, the 
applicable DOE RCG's tor soluble pIutoniiim-239 
and -240 ~I I  uncontrolled areas and for the general 
population are 2 2 X 
pCi/ml) and 7 4 X 
respectively 

Bq/m3 (60 X 
Bq/m3 (20 X 10"" pCi/ml), 

The DOE RCG for soluble plutonium-239 and 
-240 UI waterborne effluents for the general 
populatlon is 6 2  Bq/ 1 ( 1,667 X 1 0-9 pCi/ml) The 
comparable RCG for amencium-241 in water is 
49 Bq/I (1 ,330 X pCi/mi) The most restnc- 
hve RCG for uranium-233, -234, and -238 in water 
is 3 7 0  Bq/l  (10,000 X 
RCG for both uranium-233 and uranium-234 

/.Ki/ml), which IS the 

In 1976, the Envlronmental Protection Agency 
promulgated regulations for radionuclides m dnnk- 
mg water These regulations were effective on 
June 24,  1977, along with pnmary dnnking water 
regulahons for microbiologcal, chemical, and 
physlcal contammants. The intent o f  the Safe 
Dnnkrng Water Act was to ensure that each state 
has pnmary enforcement for mantaning dnnkmg 
water quality To comply with these requirements, 
the Colorado State Board o f  Health modified exist- 
mg state dnnlung water standards to include 
ralonuchdes Two of these commuruty dnnlung 
water standards are o f  interest in this report The 
state standard for gross-alpha particle actimty 
(mduding radium-226 but excluding radon and 
uranium) m community water systems is a 
maxlfnum of  5 6 X 10'' Bq/ 1 ( 15 pCi/ 1 ) 
Arnencium and plutoruum, which are alphaemitting 
radionuchdes, are mcluded in this lmit  The lmit 
for tnbum in dnnking water is 7 4 0  Bq/ 1 (20,000 
PCd 1 1 

The Rocky Flats Plant NPDES permit, issued in 
1974 by the EPA, established sanitary effluent 
concentration limitations at  Discharge Point 00 1 
(sanitary treatment plant), Imitations for nitrate 
and pH at Discharge Point 002 (Holding Pond A-3 
in the Walnut Creek drainage), and monitonng 
requirements for Discharge Point 003 (Pond C-1 in 
the Woman Creek drainage) 
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Background Radioactivity 

l The DOE guiae values tor radioactive matends i n  

air Jnd water relate to concentrations Jbove back- 
ground The concentration measurements shown 
in this report, however, include contnbu tions from 
past fallout deposition and from naturally occurnng 
radioactive matenals Because of the variability o f  
fallout deposition, reaonal background is vanable 
and not well defined A more detaded discussion 
of background radioactivity IS gnen in the air and 
water rnonitonng and the radiahon dose sections 

' ot this report 

l Analytical Procedures 

Analyses for plutonium-239 and -240 ,  uranium-233, 
-2% and -238,  and americium-241 are conducted 
In the tollowing manner Prior to any separation o f  
elements from the sample rnatnx, a known quantity 
or ?onindigenous radioactive tracer is added to each 
sample These tracers are used to determine 
chemical recovery The tracers used for plutonium, 
uranium, and amencium are, respectively, plutonium- 
236 or -242 ,  uraruum-232 or -236, and amencium- 
243 or curium-244 

Separahon of the radioisotopes from the environ- 
mental and effluent sample matnces is performed 
by ion exchange techruques The punfied radio- 
:so topes are electrodepouted onto s t m l e s s  steel 
disks and theu activity is radiometncally determined 
oy alpha pulse height spectrometry 
radionuclide concentrations are cumulative radio- 
3c:inty from the various isotopes for a gven 
tlement, as measured by the alpha pulse height 
hpzctrometry system 

R e  resultmg 

SDecific sampling and analytical methods are 
presented throughout this report as appropnate 

the MDC may be larger or smaller, depending on 
detector, Lounting parameters m d  the size of the 
sample collected and analyzed Table 2 also lists 
specific nonradioactive standards and RCG's 
applicable to a r b o m e  and waterborne et fluent 

Data Reduction 

Throughout the data presented, samples with 
concentrations below the MDC were considered to 
have the MDC value for averagmg purposes When 
one or more MDC values are mcluded in a set o f  
v a l u q  the computed mean value o f  that set is 
preceded by a less-than sign (<) The average 
concentrations (Cavg) are represented by pars ot 
numbers (o f  the form a -+ b%) that define the 95% 
confidence mterval for Cavg This interval is 
centered d t  the anthmetic mean o f  the observed 
concentrations (C) The probability (P) that 
CdVg lies within the stated interval is 95% or 

P I( -e - to 975 JF) L Cavg 

- L 

where T = the anthmeac mean o f  observed 
concentrations 

table 
to 9,s = value taken from a standard t-test 

n = number o f  samples 
c1 = an mdividual, observed 

concentrahon 

Detection Lunits 
Quallty Control 

Table 2 shows nominal values for the Mmlmum 
Derectable Concentrations (MDC's) of  matenals in 
vxlous media The values shown are for typical 
.JnTple volumes analyzed in the Rocky Flats 
moniroring program For any individual sample, 

An analytical quality control program is conducted 
by the Rocky Flats Health, Safety-, and Environ- 
mental Laboratones (HS&EL) to ensure the 
reliability of environmental data 
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, 

?he program includes the tollowing elements 

1 Development, evaludtion, improvement, 
rnodifiation, and documentation o f  analytical 
procedures 

2 Intralaboratory quality control 

3 Participation in interlaboratory quality 
cornpanson programs 

4 Instrument performance evaluation 

The Rocky Flats Chemistry Standards Laboratory 
prepares “blind” standard samples using calibrated 
radioisotope solutions traceable to the National 
Bureau of  Standards These standard samples are 
prepared to smulate routine environmental samples 
A statistical analysis of quality control data and an 
assessment of  laboratory performance are conducted 
by the Chemistry Standards Laboratory on a 
monthly basis Table 3 shows measurement statis- 
tics for the control program, based on a 12-month 
average 

The Rocky Flats Health, Safety, and Environmental 
Laboratones participates in a laboratory intercom- 
panson study program conducted by the EPA’s 
Environmental Monitonng Systems Laboratory, 
(Eh4SL) ParticlpaQon is llmited to those programs 
that are representative o f  the Rocky Flats 
Mom tonng Program Examples are 

Gross alpha and gross beta 
activity in water 

Radionuclides on air filters 

Tritium concentration in water 

0 Gamma achvity in water 

Plutonium m water 

Total uranium in water 

Data from completed analyses are returned t o  the 
EPA Quality Assurance Branch for statistical 
analysls and for companson with other participating 
laboratones Participants are furnished with a 

computer report incl .I pLitorin,iiicc chart The 
computer reports l i s t  [he r t  w l t s  t o r  d l  01 the 
particlpdllng tdbOrdlorlc\ 1 i ic  rt\ult\ troin e x h  
Iabordtorv d r e  coii,I),irc,l 1 + 1 1 1 i \ t  ,I iioriiidli/cd grdiid 
dverage ot all restlit:, .uiJ , ~ g ~ i n > t  llic known vdue 
The performance Lhart is an updated graph o f  the 
laboratones’ performame over a two-year penod 
A warning level is establidied < i t  two standard 
deviations trorn the mtam 

The Health, Safety d i ~ d  triviror~tue~ital Ldbordtones 
in the DOE Environmentdl Meawrements Labora- 
tory’s (EML) Quality AssLssment Prograin Soil, 
water, air filter, anmal tissue 2nd vegetation 
samples containing radionuclides are submitted bv 
EML to participating laborstorxs 011 J quarterly 
basis The findings are p e n  t3  EVL who publishes 
both a qudrterly report i n d  JII  miiiial siirnmarv 
listins the results r t p o r t c r t  bv I J I  1’ c r t i c i p l i t s  

Table 4 is a summary 01 the I-ISAEL participation 
in the EPA Environmental Monitonng Systems 
Laboratory Cross-Check Program This table 
includes those programs pertinent to the data 
mcluded in this report The HS&EL reported 
values, in most cases, are in good agreement with 
the standard values at stated submission levels 

hrborne Effluent Monitonng 

Particulates in ventilation effluents from production 
and research facilities are sampled continuously 
Partuxlate contaminants are removed from these 
effluents by means of High Efficiency Particulate 
&r (HEPA) filters Samples indicative o f  the 
effluent quality are collected downstream horn 
the final stage o f  HEPA filters For detection of 
abnormal conditions, ventilation systems contaming 
plutonium are equipped with selective alpha inoni- 
tors that are sensitive to certain radionuclides, 
among which are plutonium-239 and amenciiim-24 I 
These monitors alarm automatically if out-of- 
tolerance conditions are expenenced 

Three tunes each week, the particulate samples are 
removed and radiornetricdly analyztd for long-lived 
alpha emitters Cori~entrdtioni of long-lived alpha 
emitters are indicativt ot tlir cl tluent quality ,md 
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l HEPA liltration et ficiency I t  the t o t ~ l  loriglived 
alplid conccntration tor <in cttliient u i n p I L  rvcttds 
J I'lant action guide vdue 'I tollow-up invtstigdtion 
is conduLted to determine 11 a problem evists 
Us0  the sample is withtield trom montlily Lornposi- 
ting and is separately analyzed for radionuclide 
concentrations o f  plutonium and uranium 

At the completion o f  each month, the samples for 
ventilation systems are separately composited and 
analyzed by alpha pulse-height spectrometry for 
plutonium and uranium (as descnbed in the 
Analytical Procedures section of this report) An 
aliquot of each composite sample is analyzed for 
bervllium particulates This analysis is done using 
a flameless atomic absorption spectrophotometer 

, technique 

Specific analysis for uranium and bervllium is 

conducted for composited samples collected at 38  
ztiluent locations Water bubblers are used t o  
sample tntium in effluent a r  from 15 ventilation 
systems Tntium concentrations in these samples 
are measured using a liquid scintlllation spectrometer 

Table 5 presents quantitabve data for radioisotopes 
and beryllium released t o  the atmosphere m venti- 
lation effluents dunng 1979 The concentrations 
and quantities include background contnbutions 

Dunng 1979, the total amount of plutonium released 
to the atmosphere from ventllation systems was less 
than 2 09 X lo3 Bq (5 66 pCi) Uranium and 
beryllium releases from the 38 ventilation systems 
were less than 1 29 X lo6 Bq (34 79 pCi) and 
I 5 5 3  g, respectively Less than 3 12 X 10" Bq 
(0 844 Ci) of tntium was released 

Instrumentation to provide in-stack rnonitonng for 
carbon te trachlonde, to tal hydrocarbons, mass 
emission rates for particulates, oxides of nitrogen, 
2nd sulfur dioxide effluents has been purchased 
ind is being installed in selected exhaust ventilation 
tvsterns This equipment will provide data to con- 
inn compliance with appropriate stack emission 
Jmdards 

K,idioactive Anibient Air blonltoruig 

High-volunit  m b i t i i t - ' i i r  wiiplers art louted 011 
t h t  I<oLky Flats I'idnt site at the Plant perimeter 
[dt d J i s t d n w  JpprouunJtely 3 to 6 kilometers 
(2  to 4 miles) from the Plant center] ,  and in nine 
surrounding communities The air samplers are o f  
a Rocky Flats design, which is descnbed in detad 
in Rockwell Engmeenng Drawings 2726 1- 1 through 
2726 1-6 The high-volume samplers operate con- 
tinuouslv at a voiume How rate of approximately 
19 I/sec (40 cfm) Particulates are collected on a 
20- X 25-cm (8 X 10 in ) Delbag Microsorban@ 
filter The effectiveness o f  the high-volume sampler 
and the filter media has been evaluated by Dr James 
B Wedding from Colorado State University at Fort 
Collins Colorado l o  The efficiency o f  the Rocky 
Flats-designed sampler is comparable to that o f  the 
EPA-specified standard Hi-Volume Sampler for a 
\met\ ot simuldrrd tield Londitions The tilter 
media was found to be greater than 99 9% efficient 
tor particle sizes and pressure drops typical of 
conditions encountered in routine ambient a u  
sampllng 

I Atrborne particulates in ambient au are sampled 
continuously at 23 locations withm and adjacent t o  
the Rocky Flats exclusion area (Figure 5) The 
sample filters are collected weekly and analyzed for 
total-long lived alpha ( T L k )  If TLLa achvity 
exceeds 3 7 X Bq/m3 (0 01 pCi/m3), specific I 

i 
c plutonium analysis is performed Dunng 1979, no 

samples exceeded this activity level On a routine 
basis, filters from 9 o f  the 23 samplers are composited 
and analyzed biweekly for plutonium Table 6 
presents the average concentrations o f  plutonium in 
ambient air at these nine on-site stabons dunng 
1979 The highest percentages o f  the RCGa were 
at Samplers S-8 and S-9 These samplers are located 
along the east secunty fence in an area where the 
soil is known to contam plutonium 

The average concentrations o f  plutoruum in ambient 
air at the nine on-site stations dunng 1979 ranged 
from less than 7 4 X IO-' to 1 8 X IO-' Bq/m3 
(0 02 X to 0 50 X IO-'' pCi/ml) These 
concentrations were less than 0 84% of the RCGa 
for soluble plutonium in ambient air in uncontrolled 
areas 

@Trademark 01 Delbag Luftfdter Berlin Germany 



Samples 01 airborne particulates are collected on 
filters by high-volume air winplers a t  14 locations 
along or  near the Plant perimeter These perimeter 
samplers are located between 3 m d  6 km (3 Jnd 
4 mi) from the Plant center (Figure 6) The samplers 
are numbered S-3 1 through S-44 S m p l e s  trom 
each location are collected weekly, composited by 
location every four weeks, and analyzed for pluto- 
nium Table 7 presents the average concentrations 
of plutonium radioactivity in airborne particulates 
a t  Stations S-3 1 through 5-44 during 1979 The 
average concentration of plutonium in ambient air 
at these locations d u m g  1979 was less than 
7 4 X IO-' Bq/m3 (0 02 X IO-'' pCi/rnl) ?his 
concentration was less than 0 10% of the soluble 
plutonium RCC, for the general population 

I 

Samples of a rborne  particulates also are collected 
at  nine locations in or  near communities in the 
vicinity o f  the Rockv Flats Plant These location:, 
as identified in Figure 6, are Boulder, Broomtield 
Denver, Golden, Lafayette, Leyden, Supenor, 
Wagner, and Westminster Sample filters are 
collected weekly, composited by location every four 
weeks, and analyzed for plutonium radioactivity 

Table 8 presents the average concentrations of 
plutonium in wrborne particulates a t  the community 
stations dunng 1979 The average concentration of 
plutonium m ambient a x  a t  the community stahons 
also was less than 7 4 X lo-' Bq/m3 (0 02 X 
pCi/ml) This value is less than 0 10% of the soluble 
plutonium RCGa for  the general population 

Nonradioactive Ambient h r  Monitonng 

Dunng 1979, start-up testing and preliminary work 
began toward monitonng ambient a r  for selected 
nonradoactive parameters This program was 
conducted through utilization of a self-contained 
van for moblle ambient air monitonng (MAAM) 

This van is equipped with instruments to  measure 
the concentration of carbon monoxide (CO), total 

Table 9 gwes the detection CdpdbilltleS ot the  MAAM 
monitoring in<tninien t \  .mrl IiTts t h e  corre\ponding 
corn pi ia n c i  4 t mLirct\ 

The van dso has J portable towtr mounted on the 
roof with instruments for collecting temperature, 
wind velocity, and wind direction data For the 
1979 start-up test program, the van was located in 
a production building area This location was 
chosen because it provided easy accessibility for 
laboratory personnel supporting the start-up phdse 
In the future, the MAAM van will be used at vanous 
sites around the Plant The first of these is in a 
traffic zone near the east entrance to  the Plant I t  
is an open area that is generally downwind from 
Plant buildings 

Table 10 presents monthly data for carbon mon- 
oxide tCO) nitrogen d ioudr  (YO2) and ozone in 
a n b ~ e n r  d i r  i t  the lurt-lip location during the pttnod 
from April  rhough hwem ber BeLause ot continu- 
ing instrument problems little SO2 or total non- 
methane hydrocarbon data were collected Dunng 
the lrmited penods when SO2 data were collected, 
the SO2 levels were at  or  near the detection l m i t  
The total non-methane concentration data collected 
were insufficient t o  provide a meaningful representa- 
tion of ambient air concentrations Total suspended 
particulate measurements were not  conducted dunng 
1979 Data routinely collected at  the Plant boundary 
by the Colorado Department of Health have histor- 
ically been well below the NAAQS, with yearly 
averages rangmg from about 30 to 40 pg/m3 

Carbon monoxide concentrations a t  the start-up 
location dunng 1979 ranged from a monthly average 
of 0 420 to  2 I7 ppm with ozone averages varying 
from 0 030 to 0 043 ppm These measurements 
also indicate levels well below the NAAQS 

Monthly average concen trations of nitrogen dioxide 
(NO2 ) vaned from 0 0 19 to 0 042 pprn The 
maximum hourly averages indicated concentrahons 
in ambient air a t  the start-up location that were in 
excess ot the NAAQS for NO2 

suspended particulates, ozone, oxides of nitrogen 
sulfur dioxide (SO,), and total non-methane hydro- 
carbons These matenals are regulated by the calibration Each gas was introduced as a known 
Environmental Protection Agency through the 
National Ambient Air Quality Standards (NAAQS) ' I  

The accuracy ot these data IS based on span gas 

concentration ot pollutant to each type ot monitor- 
ing instrument This provided a single concentration 
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level, or span point ,  u p ~ ~ l t :  trom J zero level ot 
I detection At best the drltd are alcurdte to within 

210% rlnd reprLsent only ,in indilation 01 ambient I 

air miuiitrrltions d t  that locatloti 

Waterborne Effluent Monitoring 

North Walnut Creek receives storm-water runoff 
from the north side o f  the Plant site (See Figure 
3 ) Holding Pond A-3 on North Walnut Creek IS 
used to unpound this runoff for analysis prior to 
discharge Ponds A-I and A-2 are isolated from 
North Walnut Creek and are used for storage and 
evaporation o f  water containing less than 62 Bq/l 
( 1,667 X 1 0-9 pCi/ml) of  plutonium This water, 
Rocky Flats laundry wastewater, and water from 
one Plant cooling tower are pumped to Pond A-2 
from Pond B-2 Dunng the summer months 
natural evaporation is enhanced by spraying the 
water from Pond A-7 through fog nozzles over the 
surfaces ot Ponds A-1 and A-2 These ponds then 
receive the excess water that does not evaporate 
during the process Typically the plutonium con- 
tent in this water averages less than 1 85 X IO-’ 
Bq/l (5 X pCi/ml) 

South Walnut Creek receives discharges from the 
Plant’s terhary sewage treatment facliity after 
passage through Holdmg Ponds B-3 and B-4 
Dunng 1979,  Plant wastewater discharged through 
this treatment facility consisted o f  cooling-tower 
blowdown, steam condensate, and sanitary waste 
These liquid wastes were subjected to tertiary 
treatment before being discharged from the Plant 
Solids resulting from this operahon were decom- 
posed m an anaerobic digestor After drying, the 
contents of the digestor were packaged in 55-gallon 
drums and shipped to a DOE waste-storage facility 

After treatment, the liquid effluents were discharged 
from the B-senes holding ponds to South Walnut 
Creek (See Figure 3 ) Pond B-2 is isolated from 
thls discharge stream and is used for unpoundment 
of Rocky Flats laundry wastewater and water from 
one Plant cooling tower 

Discharges from the Rocky Flats Plant ?re monitored 
for compliance with appropnate Colorado Depart- 
ment ot Health standards and EPA-NPDES permit 

limitations Average conLentrations of chemical 
and biologcal constituents ot routine liquid 
et fluent samples Lollected t rom Pond A-3, the 
sewage treatment plant, dnd Pond C-l dunng 1979 
are presented in Table I I 

Dunng 1979,  the EPA-NPDES permit limits for 
most parameters were met on a continuing basis 
In May, one pH violation occurred when a value o f  
9 7 was recorded The dady limit for pH is 6 0 to 
9 0 The pH violation was the result of sewage 
treatment plant effluent being stored on-site in a 
holding pond This water was to be used for start- 
up testing for the reverse osmosis plant Much algal 
growth took place while the water was standing for 
several days The natural effect o f  algal growth is 
to increase the pH This water was passed through 
sand filters in the reverse osmosis plant before dis- 
charge through the monitoring station 

Dunng October, November, and part of December, 
total residual chlonne, w h c h  is monitored at the 
outfall from Pond B-4, exceeded the effluent lunita- 
tion o f  0 1 mg/l Values ranged from 0 2 to 1 4 
mg/l On December 18, 1979, off-site discharge o f  
effluent water from Pond B-4 was discontmued 
Factors contnbuting to the total residual chlorme 
increase included ( 1  ) contmuation o f  the normal 
chlcnne feed rate, which could have been reduced 
dunng cold weather, (2) ice formahon on the 
retention ponds, and (3) reduced retention tune in 
holding ponds These factors prevented outgassing 
and decomposition of the residual chlonne The 
quality of down-stream receivlng waters was not 
affected by the presence of increased total residual 
chlonne 111 the effluent water Standard dmking 
water treatment requlres chlonnation to levels 
exceeding those expenenced here 

Dunng planned discharges from Holding Pond A-3, 
the water is sampled continuously These samples 
are analyzed for plutonium, uraxuum, amencium, 
and tntium Water is also sampled contmuously 
and collected daily from the outfalls of Ponds B-4 
and C- 1 These dally samples are composited into 
weekly samples for plutonium, u r m u m ,  and 
amencium analyses Weekly grab samples at Ponds 
B 4  and C-I are analyzed for tntium 
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Concentrations of plutonium, uraniuiii m d  
americium in water samples J t  the outtalls 01 I'oiids 
A-3, B-4, and C-I are presented in Table 12 Tritium 
concentrations are presented in Table 13 
plutonium, uranium, americium, and tritium Lon- 
centrahons in these ponds were less than 0 08% of 
the applicable RCG, 

l 

411 

Walnut Creek is sampled continuously at Indiana 
Street, which is downstream from the confluence o f  
the stream tributaries and approximatelv at the 
Plant's east perimeter These samples are composited 
weekly and analyzed for plutonium, uranium, amen- 
cium, and tntium Results o f  these analyses are 
presented in Tables 13 and 14 The 1979 average 
concentrations for plutonium, uranium, amencium 
and tntium in Walnut Creek at the Indiana Street 
location were less than 0 08% o f  the applicable 
RCG, 

Ralston Reservoir, which is located near 3 uranium 
mine, serves as the pnmary source o f  raw water 
tor the Rocky Flats Plant Throughout the year, 
weekly uranium analyses were conducted on 
samples o f  Rocky Flats raw and treated water The 
uranium concentrations measured dunng t h s  
penod are summanzed in Table 15 

Uranium concentrations measured dunng 1979 in 
raw water and treated water averaged 4 4 X IO" 
and 3 48 X IO-' Bq/l(11 2 X 
pCi/ml), respectively This water was used through- 
out the Plant, dlscharged to the sanitary sewage 
svstem and ultunateiy to Pond B 4  and then to 
Walnut Creek 

and 9 4 X 

As shown in Tables 12 and 14, the 1979 average 
uranium concen trations in effluent waters, as 
determined at Pond B-4 and Walnut Creek samplmg 
locahons, were 2 0 X lo-' and 1 7 8  X IO-' Bq/l 
(5 4 X and 4 8 X pCi/ml), respectively 
A cornpanson of  influent and effluent uranium 
concentrations showed no increase in uranium 
concentrations in effluent water due to Rocky Flats 
operations 

Groundwater Monitormg 

The Rocky Flats Plant routinely samples 4 2  
hydrologc test holes a t  approxmately six-month 

intervals Analyses Jre LonduLted to determine if 
there is any movenicnt 01 L l i t i n i L a l  or radioaLtive 
inatenals ot posgiblC Plant  origin it1 to wJtcr-beJring 
strata underlying the S i t e  

Five o f  the test holes are approximatelv 46 meters 
( 1  50 feet) deep or deeper These test holes, 
numbered 1-66, 2-66, 3-66, 22-74, and 21-74, are 
located west o f  the west security fence, northeast 
o f  the solar ponds, east of me soidr ponub. e d b ~  0 1  

the east security fence, and near the south security 
fence, respectively These test holes provide infor- 
mation concerning water movement in gravel and 
bedrock formations The remaning test holes 
range from 1 to 15 meters (3 to 50 feet) deep and 
are generally located near three on-site solar evapor- 
ation ponds and other holding ponds Locations 
of the 4 2  test holes are identified in Figure 7 

Dunng May  and N o v m b t r ,  te5t holes containing 
water were sampled and the water wds analyzed tor 
plutonium, uranium, americium, and tntium 
Table 16 presents measured depths of the test holes 
and radioactivity concentrations for water obtained 
from each test hole dunng 1979 

Tntium and uranium have been detected at low 
concentrations in test holes in close proxmity to 
solar evaporatlon ponds that have been used to 
store process wastewater pnor t o  treatment These 
ponds are hydroloBcally upgradient from the test 
holes and some seepage has occurred A new 
facllity has been completed for treatment o f  process 
wastewaters As a result, use of these ponds for 
storage o f  process wastewaters is bemg phased out 
They are t o  be used in conJunction with a sanitary 
wastewater recycle project 

Test holes 17-74 and 18-74, located immediately 
east and downstream from Pond B-4, were found 
to contam higher than normal concentrations of 
uranium and tntium The maxmum tntium con- 
centration, 4 7  9 Bq/l (1 2 9 4  X f 0-9 pCi/ml) in 
November, was about twice the background value 
The average uranium concentration for the previous 
four years was about 9 25 X IO-' Bq/l (25  X 
pCi/ml), the maxmum value for 1979 was 4 1 I 
Bq/l (1 1 1 X pCi/ml) The conLentrations of  
plutonium and arnericiunl were not higher thdii 
normal It should also be notrd that thc s a n l p l ~  



from test hole 18-74 In November was t h t  tirst 
water available from this hole In the fall tor the 
p s t  several years The concentration of iiraniiint 
i n  Pond B-4 was less than 5 I8 X I 0-4 Bq/l 
(14 X pCi/ml) during 1979 A preliminarv 
evaluation of  the isotopic ratios indicates that the 
uranium may be natural matenal and not ot Rocky 
Flats Plant ongn Small pockets of low grade 
uranium ore are not unlikely in the Arapahoe 
bedrock formahon 

Regional Water Monitonng 

Water samples are collected weekly from Great 
Western Reservoir, which is a water supply for the 
city of Broomfield, and from Standley Lake, which 
supplies the city of Westmmster and portions of the 
Thornton-Northglenn area As shown in Tables 13 
and 17, concentrations of  plutonium uranium 
amencium, and tntium in water samples Lollecteu 
at these two locahons were less than 0 07% of the 
applicable RCG, 

Tap or finished water from Boulder, Broomfield, and 
Westminster is collected weekly Quarterly samples 
o f  tap water are collected from the surroundmg 
communities of Arvada, Denver, Golden, Lafayette, 
Louisvrlle, and Thornton These samples are 
analyzed specifically for plutonium, uranium, and 
amencium The resulting data for 1979 are sum- 
manzed in Table 17 All values were less than 0 06% 
of the applicable RCG’s 

D m h n g  water standards have been adopted by 
the EPA and the State of Colorado for alpha- 
emitting radionuclides (excluding uranium and 
radon) and for tntium These standards are 5 55 
X lo- ’  and 74 Bq/l (15  X and 2 0 , 0 0 0  X 
pCi/ml), respectively DUMg 1979, the sum o f  the 
concentrahons of plutonium and amencium (alpha- 
emitting radionuchdes) in all commumty tap water 
samples was less than 1 48 X IOm3 Bq/l (0 04 X 1 0-9 
pCi/ml) llus value is less than 0 26% of the alpha 
standard The tntiutfi concentration in Great 
Western Reservoir and Standley Lake averaged less 
than 25 9 Bq/l(700 X !O-’ pCi/ml) This value is 
typical of background tntium in Colorado and 
represents less than 3 5% o f  the EPA and State o f  
Colorado Dnnking Water Standard for tntium 

In September 1979, mgle water saiiples were 
Lollcctctl trorii lour itltlition.il regiond rcscrvoirs 
,ind strcaiiis , i t  d i b t , i i i c t b  ranging \ r i m  I 6 to 96 
kilomcttrs ( 1 to 60 iiiiles) troni t l tc  I’lJnt These 
smples  were collected to determine background 
data in water tor plutonium, uranium, and amencium 
The analytical results for these four samples are 
shown in Table 18 Companson of these data to 
the downstream reservoirs and community tap 
water data shown in Table 17 indicates no measur- 
able difference in the plutonium, uranium, and 
amencium concentrations 

Sod Sampllng and Analyses 

Soil samples were collected dunng 1979 as part o f  
a new sampling program The program is designed 
to provide information on the possible migration 
o f  rJdionuclides m d  tor tmil imzation with the 
EPA Proposed Guidance on Transuranium Elements 
in the Environment Only the latter phase was 
initiated in 1979 with the collection o f  18 samples 

Nine samples, made up o f  nine composites each, 
were collected at two separate 10-acre plots 
Immediately west o f  Indiana Street near the Plant’s 
east bcundary The samples were collected accord- 
ing to a published procedure l 3  The two sites are 
shown on Figure 8 as numbers 13 and 2 1 Also 
shown on this figure is the soil sampling scheme 
The nine subsamples were collected on a spacrng of 
2 0  meters (65 6 feet) and cornposited to yield nme 
samples at each plot The geometry o f  each sample 
was controlled by use o f  a 10 X 10 X 1 cm 
(4 X 4 X 0 4 in ) cutting tool The soil contamed 
within the tool cavity was removed for analysis 

Sample preparation and analysis were performed 
according to procedures developed by personnel 
from Rockwell International The entire sample 
was dned, sieved through a 10-mesh sieve, weighed, 
and the fine portion was ball milled A IO-g aliquot 
of the pulvenzed soil was then analyzed for Pluto- 
nium Blank soil and synthetic standard soils were 
batched with the field samples and replicates 111 a 
random manner as quality controls Chemical 
recovery from the radioLhemica1 procedure was 
determined by the addition of plutonium-242 for 
plutonium separations The analytical results were 
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reported by the laboratory in units o f  disintegrations 
per ni inutc  per gram ot dry soil fines These values 
were converted to picocuries per gram (pCi/g) o f  dry 
soil (less than IO mesh), and millicuries per square 
kilometer (mCi/km2 ) Surface values were denved 
by multiplying the sample concentration by the 
sample weight and then dividmg by the sample area 
to provide Bq/km2 (mCi/km2 ) 

I 

The 1979 soil data are shown in Table 19 It  should 
be noted that at Site 13, the range o f  values is 
from 6 55 X 10’ to 1 3 X IO2  Bq/kg (1 77 to 3 5 2  
pCi/g), with a mean o f  9 92 X 10’ Bq/kg (2 68 
pCi/g) and a relative standard deviation o f  20% 
Corresponding values at Site 2 1 were 7 47 X 10’ 
to 1 48 X IO2 Bq/kg (2 02 to 4 01 pCi/g), a mean 
o f  I 02 X I O 2  Bq/kg (2 75 pCi/g) and a relative 
standard deviation of 25% These values rndicate 

buted d t  both locations 
I that the plutonium deposition is uniformly distn- 

It  is also significant that the highest surface 
concentration, 4 4 X 10’ Bq/km2 (1 1 90 mCi/km2) 
is 6% o f  the EPA proposed guideline for plutonium 
in soil 

External Gamma Radlabon Dose Monitonng 

Thermolummescent dosuneters (TLD’s) are used to 
measure external penetrating gamma radiation 
exposure at 45 locabons on and off the Plant site 

Individual measurements are made over a penod o f  
three months The dosuneters (TLD’s) are placed a t  
17 locations within the property enclosed by the 
security fence shown in Figure 2 Measurements 
are also made at 16 perimeter locations a t  3 to 6 
km (2 to 4 mi) from the Plant and in 12 communi- 
ties located within about 48 km (30 mi) of the 
Plant The TLD’s are placed at a height of I m 
(3 ft) above ground level 

Each T L D  consists of a sealed glass bulb enclosing 
two extruded nbbons of CaF,  Mn (TLD-400) that 
sandwich a central metal heater stnp The TLD’s 
are encased in an energy conipensating shield to 
reduce over-response to photons with enerBes less 
than about 100 keV The use of TLD’s for assessing 
external penetrating radiation in the environmen t 

has been evaluated under lield awi  ldboratory 
conditions and has been lound to be a stnsitive d n d  

reliable tool lor environmentd mLJsuremtnt ot 
gamma radiation Lyposure l 4  

The 1979 environmental measurements made using 
TLD’s are shown in Table 20 The average annual 
dose equivalents, as measured on-site, in the 
penmeter environs, and the communities, were 
146k3% ,  1 3 1  f 7%,and 1 4 2 2  3 % m s V ( 1 4 6  ?r jY0 
13 1 2 2%, and 142 ? 3% mrem), respectively These 
dose values represent the background dose from 
natural radiation sources 

ASSESSMENT OF POTENTIAL 
PLANT CONTRIBUTION TO 
PUBLIC RADIATION DOSE 

Plutonium in  the Rock1 Flats environs is the 
combined result of fallout deposition trom atmo- 
spheric nuclear weapons testing and past releases 
from the Plant Uranium, a naturally occumng 
element, is indigenous to many parts o f  the state 
and is also used in Plant operations m various 
isotopic ratios Tntmm, a radionuchde formed by 
natural processes, also is associated with Plant 
operations and fallout 

Potenhal public radiation dose commitments, 
which could have resulted from Plant effluents, 
were calculated from average radionuclide concen- 
trations measured at the DOE property boundanes, 
and m surroundmg communities Inhalation and 
water consumption were found to be the principal 
pathways o f  exposure Swunming and consumption 
of foodstuffs and fish were found to be insignificant 
pathways This is to be expected because o f  llmited 
swmming and fishing in the area and because most 
locally consumed food is produced at considerable 
distances from the Plant 

Dose assessment for 1979 Plant operations was 
conducted for the DOE property (site) boundary, 
nearby communities, and s t e s  t o  a distance o f  80 km 
(50 mi) Dose conversion factors used for the calcu- 
lations, shown in Table 2 I ,  were generated by 
computer codes that are descnbed in detailed 
reports 1 5 - 1 7  
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v i e  70-year dose commitments that could hJve 
resulted trom site operation9 at  thc f ’ i d n t  diinng 
1970 wert taiLulated from t l iL  rd ion i iL l r c l c .  
LoncentrJtions iising t h t  dost coiivtnioii I J L L O ~  
Contentrations ot plutoniiini i n  m i b i t n t  d i r  ,ind 
plutonium, americium, uranium, and tritium in 
water were considered Chronic inhalation dnd 
ingestion intake rates of 2 66 X 
per second and 1 65 liters per day, respectively, 
are denlied from data for “reference man ’”* 

Lubic meters 

Dose Assessment Source Terms 

The inhalation source terms for the 1979 dose 
assessment were based on plutonium-239, -240  
concentrations measured in ambient air samples 
Because o f  the presence o f  plutonium from atmo- 
spheric weapons testing in previous years these 
concentrations are Jn overestimate ot the Rockv 
Flats contribution The ingestion source terms 
were based on measured concentrations ot plu fonium 
amencium, uranium, and tntium in water 

The maxmum site-boundary dose assessment 
assumes that an individual is continuouslv present 
at the Plant penmeter, which is actually uninhabited 
The plutonium mhalation source term o f  less than 
7 X IO-’ Bq/m3 (0 02 X 
average 1979 concentration o f  plutonium-239, -240, 
as measured for the 14 penmeter ambient air 
samplers The water supply for the individual at 
the site boundary was assumed to be Walnut Creek, 
which flows off-site and provides the liquid effluent 
source term a t  the site boundary Dunng 1979, the 
plutonium concentration in Walnut Creek averaged 
less than 2 9 X Bq/l (0 079 X pCi/ml) 
The average amencium, uranium, and tntium 
concentrations were less than 1 4 X 
and 3 0 X 10’ Bq/l (0 0 3 9  X 4 8 X and 
800 X 1 0-9 pCi/ml), respectively These concentra- 
tions were used as source terms for the maxlmum 
site boundary dose assessment Natural radiation 
and fallout contnbutions are included in these 
concentrations 

pCi/ml) was the 

1 8 X IO-’, 

For the maximum probable site-boundary dose 
assessment, the source terms for uranium and tntium 
in water were reduced to zero The 1979 average 
concentration of uranium in the Plant’s raw water 

wpplv  W A  t t  I x io-’ Bq/l ( I 1 x iom9 pCi/ml), 
which w I\ higher than the Lorresponding Walnut 
C r L c h  i \ L r  igc concetitrJtion The averdge concen- 
trdtron ( \ I  tnttuni in the rJw water supply wds less 
t h i i  30 Bq/l (800 pCi/ml) which was the same as 
thdt  rneawred i n  Walnut Creek Based on these 
comparisons, the Plant’s contnbution to uranium 
and tntiuni in Walnut Creek was considered to be 
zero tor purposes ot the maxmum probable site- 
boundam dose assessment The inhalation source 
term and the plutonium and americium ingestion 
source terms, for the maxmum probable site- 
boundary dose, were identical to the corresponding 
terms in the maximum site-boundary dose 

The inhalation source term for the community dose 
assessment was based on the plutonium concentra- 
tions measured in nine community air samplers The 
1979 dverage concentration ot less than 7 X IO-’ 
Bq m3 ( 0  0’1 Y IO-” pCi/ml) was used as the inhal- 
ation boiirce term The ingestion source term for 
plutonium and amencium in the communities was 
based on measured concentrations o f  tap water m 
nine communities The data did not mdicate 
measurable differences in concentrations for the 
different communities, therefore, the averages of 
the 1975 concentrations in each of the communitles 
were used for the source terms These values for 
plutonium and amencium were less than 3 0 X 1 0-4 
and 6 3 X Bq/l(O 008 X and 0 017 
X 1 0-9 pCi/ml), respectively As explamed 
presiously, the Rocky Flats contnbuhon to tntmm 
and uranium in the Plant’s effluent watercourse was 
considered to be zero Therefore, the source t e r n  
for uranium and tntium in the communltles that 
could have resulted from 1979 site operations was 
also zero 

The airborne and waterborne radionuclide concen- 
trations in the nearby communities were assumed 
to be constant to a distance of 80 km (50 mi), and 
were used for the 80-km dose assessment Table 22 
is a summary o f  the inhalation and ingestion source 
terms for each of  the dose assessments 

Maxmum Site Boundary Dose 

The maximum dose an individual continuously 
present at the site boundary is based on the radio- 
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nuclide concentrations shown in T‘tble 22 
thtse concentration5 dnd the dow Convtrwxi tactors 
in T‘ible 2 I ,  J 70-vcnr d o ~ t  Loiiiiiiitnicnt ot Its than 
4 I x tnsv (4 I x lo-’ iiireiii) 1s cdiiuldted 
tor the totdl body Tht corresponding bone dose 
is less than I 3 X IO-2  mSv ( I  3 mrem) This dose 
commitment represents the exposure from all 
waterborne and airborne sources o f  these radio- 
nuclides, including natural, fallout, and Rocky Flats 
ongm 

From 

Source terms for the maxunum probable dose at 
the site boundary have been partially adjusted to 
account for natural radioactivity Using these source 
terms, the calculated dose commitments are less than 
4 0 X IO” mSv (4 0 X 
body and less than 1 2 X 1 O-’ mSv (1 2 mrem) for 
the bone By companson, annual doses to the body 
and bone from natural radiation in the Denver area, 
are I 50 and 1 68 mSv per year ( 1  50 and 168 mrem 
per year), respectively * (See Table 33 ) 

mrem) for the total 

The 70-year dose commitments of less than 4 0 
X mSv (4 0 X mrem) total body and less 
than 1 2 X IOe2 mSv ( 1  2 mrem) to the bone repre- 
sent a maxmum probable estlmate of the radiation 
dose, from exposure at the site penmeter, that 
could have resulted from 1979 site operations These 
values represent less than 0 0008% and 0 0876, 
respectwely, o f  DOE’S radiation protechon standards 
for individuals in uncontrolled areas Those stan- 
dards are 5 mSv (500 mrem) annually for total body 
and 15 mSv (1 500 mrem) each year for mineral 
bone 

Maxlmum Community Dose 

Based on the maximum probable radionuclide 
concentrations in surrounding communi ties (Table 
22), the calculated 7Gyear dose commitments were 
less than 2 6 X IOq5 mSv (2.6 X mrem) to the 
total body and less than 7 3 X IOd3 mSv (7 3 X IO-’ 
mrem) to the bone These values represent less 
than 0 002% and 0 15%, respectively, of the 1 7 
mSv ( I70 rnrem) annual total body dose standard 
for a suitable sample of the exposed population, 
and 5 mSv (500 mrem) annual dose standard for 
mineral bone 
an average dose reported in the Denver area of 

These values may be compared to 

1 50 dnd 1 68 mSv/yr ( 150 .ind IO8 iiireni/vr) to 
tht total bodv ~ n d  bone rc\pcctivLl\ l ro i i i  n d t i i r d l  

radiation (sx T ~ b l c  33) 

Eighty-Kdorneter Dose Estimates 

The estimated total body 70-year dose commitment 
is based on radionuclide concentrations measured in 
several surrounding communities and from a I979 
demographic estima te 

The 1979 demographic estimate ot 2 000,000 
within 80 krn (50 mi) o f  Rockv Flats is based on 
1977 population and growth estimates The entire 
population is assumed to receive the same 70-year 
total body dose commitment as descnbed for the 
communities [less than ’1 6 X 1 0-5 mSv (2 6 X 1 
mrem)] On this basis the 80-km total body dose 
is estimated to be less than 5 2 X IO-’ man-sieverts 
(5 1 mail-rm I The ,orre\ponJing ciox troin 
natural r3diation bachground ot I 5 niillisit\erts per 
year per person (1  50 millirem per v e x  per person) 
is 3,000 man-sieverts (300,000 man-rem) 

* 

Table 24 provides a summary ot the 70-vex dose 
commitments to total body, liver, bone, and lungs 
that could have resulted from 1979 Plant operations 
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Tuhlcs J RFP-l NV-79 

T A B L E S  
( I  through 24) 

Radioactinty measurements m the followmg tables are reported only III 
those units set forth m ERDA Manual Chapter 0513 (adopted by DOE) 

TABLE 1 Temperature, Precipitation, and Wmd 

24-Year Penod (1953 1976) 

Annual Mean Temperature* 

"C 
( O F )  

Annual Maxunum Temperature* 

"C 
(OF) 

Annual Mlllunum Temperature' 

'C 
(OF) 

Annual F'reapitatlon 
MI 

(m ) 

Annual Mean Wmd Speed* 

m/sec 
( w h )  

Annual Peak Gust* 

m/sec 
(mQh) 

SIX meters (20 feet) above ground 

Average 

9 8  
(49 6)  

35 1 
(95 1) 

-22 1 
(-7 8) 

38 7 
(15 2) 

3 68 
(8.24) 

41 3 
(92 4)  

Record Hlsh 

1 1  4 
(52 5) 

38 9 
(102 0) 

-17 2 
( 1  0) 

63 2 
(24 9) 

4 20 
(9 40)  

47 0 
(106 0) 

Record Low 

7 4  
(45 4) 

32 0 
(89 6) 

-32 3 
(-26 0) 

19 7 
(7 8)  

3 08 
(6 90)  

33 0 
(74 0) 
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TABLE 2 Detection Limits and Applicable Standards for Radioactive and Nonrddioactive MatLrials 

Legend 

pCi = microcuries g = grams 
Mg = micrograms R F  = Rocky Flats 

m ’  = cubic meters 4 0  CFR 61 = Code o f  Federal Regulations. National Emission 
ml = miUters  Standards for Hazardous AII Pollutants (USEPA) 

pCi = picocunes 
NPDES = National Pollutant Discharge Ehmination System 

SU = standard umts 

ERDAMC = ERDA Manual Chapter (DOE adopted) 
mg/l = mllllgrams per hter 

Parameter 

Stack Samples 

Approximate 
Detection 

k m i  t 
(per sample) 

I Plutonium 239 240 
Uranium 233 234 238 
Tntium 
Berylhum 

Ambient Alr Samples 

Plutonium 239 240 

Etfluent Water Samples 

Plutonium-239, 240 
Uramum-233, 234 238 
Americium-24 1 
Tntium 

Radioactive 

Soil Samples, Radioactive 

Plutonium-239. 240  

Effluent Water Samples 
Nonradioactive 

PH 
Total Nitrogen 
Nitrate as N 
Total Phosphorus 
Fluonde 
Biochemical Oxygen Demand, 

5-Day 
Dissolved Oxygen 

Suspended Solids 
Total Chromium 
Restdual CNormed 
011 and Grease 
Fecal Cobform Count 

1 0  x l o - ’  pC1 
2 o x IO-’ 
2 5  X pCi 
1 0  x l o - ’  pg 

1 o x  10-  pci 

1 0  x lo - ‘  UCl 
2 0 x lo-’ pci 
L O  x lo-’ jLCl 
2.5 x lo-‘ PCl 

1 0  x lo-’ pci 

Approxlmate 
Sample Volume Approxmate Mmimum 

Analyzeda 

3 2 0 0  m I b  
3,200 ,Ib 

0 2  m’ 
128 r n S b  

I 000 miC 

1,000 ml 
1000 ml 
1,000 ml 

5 ml 

10 g 

Not Apphcable 
10 ml 
10 ml 
5 0  ml 
20 ml 

10  ml 
300 ml 

100 ml 
5 ml 

10 mi 
500 ml 

10-100 ml 

Detectable Concentration 

0 03 x IO-” rCl/ml 
0 0 6  x lo - ’ ’  pCi/ml 

10,000 x I ‘ J - ”  pCi/ml 
8 x IO-* g / m J  

0 01  x IO-” pCi/ml 

0 01 p c J g  

0-14 
0 2  mg/l 
0 3  mg/l 
0 2  mg/I 
0 2  mg/l 

1 0  mg/l 
1 0  mg/l 

2 0  mg/l 
0 05 mg/l 

CO 1 mg/l 
0 1  mg/l 

1 organtundl00 ml 

a Volume analyzed I usually an &quoted fraction of the total sample volume collected 
b Monthly composite 
c Two -week composite 
d Monitored at Pond B 4  
e A lower M D C  IS reported at selected locatlons 

Appbcable 
Guides and Standards Reference 

Not Apphcable Not Apphcable 
Not Apphcable Not Apphcable 
Not Apphcable Not Applicable 
<10 0 g/day 40 CFR 61 3 2 b )  

<20 0 x IO-” pCi/ml ERDAMC 0524  

<1,667 0 X r C d d  LRDAMC OS24 

<1,330 0 X lo-’  pCJml ERDAMC 0524  
<1,000 0 X IO-‘ ~ C d d  ERDAMC 0524  

<io,ooo o x 1 0 - 9  ~CI/IIIJ ERDAMC 0524 

Not Apphcable Not Apphcable 

Ducharge h t a t i o n s  
Monthly Dally 
Average Maxlmum 

6 0-9 0 SU NPDES Permit 
20 mg/l(3Oday awrage) NPDES Permit 
10 mg/l 20 mg/l NPDESPermit 
8 mg/I Not Applrcable NPDES Permit 

Not Apphcable 1 7 mg/l NPDES Permit 

10 mg/l 25  mg/l NPDESPermit 
>4 mg/l >2  mg/l NPDESPermit 

(mmimum) 
15 mg/l 25 me/l NPDESPermit 
0 05 mg/l 0 1 me/l NPDES Permit 

Not Apphcable 0 1 mg/l NPDES Permit 
Not Apphcable 10 mg/l NPDES Permit 
400  organLtms/IOO ml(7 day) NPDES Permit 
200 orgarusms/100 ml(30 day) 
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TABLE 3 Health, Safety, and Enwonmental Laboratones Bioassay and Ennroniiiental Measurements P r o y m  
(January-December 1979) 

Isotopes 
Riporred 

Pu239, 240 

Am-24 I 
U233, 234, 238 

Pu-239 240 

Am 241 

U233 234 238 

Be 

Pu239 240 

H, 

Matri\ 

Water 

Water 

Water 

Whatman filter 

Whatman filter 

Whatman filter 

Whatman filter 

Microsorban filter 

Water 

Norinal S iinplc 
Method Standard Range R w g i  

Alpha spectral 

Alpha spectral 

Alpha spectral 

Alpha spectral 

Alpha spectral 

Alpha spectral 

Atomic absorption 

Alpha spectral 

Beta Liquid 
scmtdiauon 

0-20 dpm/l 

0 3 dpm/l 

0 35 dpm/l 

0 30 dpm/fiiter 

0 4  dpm/filtcr 

0-30 dpm/filter 

0-1 rg/fiter 

0-50 dpm/fllter 

104 - IO* p c i / i  

0 2 dpm/l 

0-1 dpm/l 

0 20 dpm/l 

0 IO dpm/filter 

0 2 dpin/fiter 

0 30 dpni/filter 

0-2 pdlilter 

0 20 dpm/filter 

0-10' pc1/1 

KclallvL Bu, 
Lrror (IP ( ~ ) b  

-15 2 -23 2 

+49 5 29 4 

+I8 6 4 2  

-12 1 -23 2 

+ 2 4 0  29 4 

+16 4 4 2  

+444  -67 7 

-142 -29 2 

6 6  -81 

Total 
Control 
Analyses 

60 

60 

60 

120 

120 

120 

I20 
48 

60 

The ratio o f  the standard demtion of the 12 month dlfferences to standard value in 
percent, I e , observed value mmus standard value dinded by standard value tmes  100 
equals the ratio as expressed in percent The relative error for control measurements 1s 
often called the coefficient o f  varlation where the dispersion o f  data (ut th l s  case the 
average differences between measured and standard valuis) is dividid bj the aberage 
standard value submitted Th~s  term is inclusive o f  all random and systematic error in 

the standards analytical chenustry, and measurement process for a given nuclide, matrix 
and procedure 

The srxmonth (July-December) average b m  m percent A mmus sign mdxates a negative 
bus, I e , the values were low No slgn mdicates a positive blas 

Matnx 

Au Fllter 

Water 

Water 

Au Fllter 

soll 

soll 
Water 

Water 

Water 

TABLE! 4 EPA Enwonmental Molutonng 
Systems Laboratory Cross-Check Program 

EPA Environmental Morutomg Systems Laboratory (EMSL) 

Radiottotope Submwon Range Ratio RF/Standarda 

Alpha 9 pCJfiter 1 0  
Pu-239. 240 2 4 to 4 8 pCd1 0 15 

Tntium 1480 to 2270 pCJl 1 2  

DOE Enwonmental Measurements Laboratory (EML)b 

Pu-239, -240 1 08 f 0 32 
Pu-239, -240 1 08 f 0 32 
U 14 o 1 40 f 0 37 

Pu-239. 240 0 090 f 0 023 pCi/ml OlOfO31 

Am-241 0 054 pCJml 1 04 t 0 028 
U 0 022 pCi/rnl 0 89 f 0 18 

0 243 to 0 5 3 0  pCtlfiter 

0 600 to  188  pCdg 

a Thu value IS a one-year average of the ratio of HS&EL reported 
values to  the standard values as stated by the submrttlng hboratorics 

b 'I7u.s DOE fachty tt also a partiapant in the EPA program 
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TABLk 5 krborne Effluent Releases to the Atmosphere 

Plutonium' Uranium' Tritium BervUiumC 

Sample 
Period 

January 

February 

March 

April 

Hay 

June 

July 

August 

September 

October 

Yovem ber 

December 

Number 
of 

Analyses 

34 

34 

3 3  

34 

38 

38 

36 

41 

36 

39 

36 

36 

Cmax 

-- 
<o 19 <0001 

0 2 9  0006  

0 0 9  0002 

0 4 6  0032  

<062  0029  

<060  0022 

<1 84 0008 

<036  0002  

<o 19 0001 

0 4 6  0002 
<o 25 0009 

<O 3 1  0 003 

Number Cmax 
o f  Total (X lo-'> 

SI 7 1 2  0197  

48 5 4 9  0 144 

45 301  0256  

46 1 4 6  0 0 6 3  

41 2 0 1  0022  

47 1 6 6  0006  

44 166  0 0 0 8  

44 191 0 00s 

44 1 3 1  0017  

48 6 3 3  0019 
45 1 7 7  0086  

46 I00 0013 

AdySeS  bci) pCi/ml --- 
Number 

of 
Analyses 

193 

180 

195 

191 

194 

195 

196 

209 

195 

195 

180 

161 

Cma x 

-- 
<0092 1460 

<0095 1,310 

<0056 430 

<0068 1,460 

<0060 670 

<0066 520 

<0062 950 

<0078 440 

<0093 830 

coo68 440 

<0055 350 

<O 051 390 

Number 
o f  

Analyses 

51 

48 

45 

46 

47 

47 

44 

44 

44 

48 

45 

46 

Total 
(9) 

<O 118 

<O 106 

<o os5 

<O 076 

<O 073 

<O 044 

<o 051 

<O 062 

<O 062 

<O 237 

<O 361 

<O 308 

Cmax 
bdm 1 

0 001 

0 001 

<o 001 

0 01s 

0 020 

<o 001 

<o 001 

<o 001 

0 002 

<o 001 

<o 001 

0 002 

Summary 435 <5 66 0032  555 34 79 0256  2284 <0844 1460 SS5 <1-553 0020  

3 Radiochemally determmed as plutonium4 39, 240 
b Radiochemically detemuned as urmum-233, 234, and 238 
c The beryhum stationary source emusion standard IS no more than 10 grams 

of beryhum over a 24hour period under the p r o w o n  m subpart C of 40 
CFR 61 32 (a) 

TABLE 6 Plutonium-239 and -240 Activity Concentra- 
tions in On-Site Ambient h r  at Selected Locations 

Stationb 

Concentratlona (X lo-" & / m l )  
Number of Less Than Volume 
Analyses Detectable (X 1.000 m a )  '~III 'ma, 'avg - - - 

S-5 25 0 455 002  0 3 0  0 0 7  246% 

S-6 25 0 483 0 0 2  0 4 0  OlOt38% 

s-7 25 0 479 0 0 2  117  0 3 0 2 4 2 %  

S-8 25 0 456 0 0 2  1 6 2  0 4 2 2 3 6 %  

s 9  25 0 437 0 03 1-55 0 -50 t36% 

S-16 25 4 455 ~ 0 0 2  007 <002t 37% 

S-19 2 5  1 488 < 0 0 2  0 1 7  < 0 0 3 t 4 2 %  

$20 25 2 433 <002  0 7 9  4009  *94% 

s-21 25 4 4S5 <002 0 3 8  < 0 0 4 2 7 9 %  

Summary 225 1 1  4 141 <002  1 6 2  - 

Percent 
of 

RCGaC 

0 12 

0 17 

050 
0 70 

0 83 

<O 03 

<O 05 

<o 15 

<O 07 

~~ ~ ~ 

a Two-week composites of station concentrations 
b These selected airsamphng locations are in the proxunity of 

areas where there IS a potentlal for auborne activlty 
c The Radioactivlty Concentration Guide (RCG,) for soluble 

plutonium m ambient w m uncontrolled areas IS 60 X lo-'' gCl/ml 
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TABLE 7 I’lutoniurn 239 m d  240 Activity Conceritrdtions i n  I’LriinctLr 
Ambient Air [3 to 6 Kilorncters (2  to 3 Miles) Froni Ceiitcr 01 I’lmrl 

Number of 
station Analyses 

S 3 1  12 
S 32 12 

s-33 12 

s 34 12 

s-3s 1 1  

S 36 12 

S 3 1  12 

s 38 12 

s-39 12  

s40 12 

s4 1 12 

S 4  2 12 

SA 3 12 

SA4 12 

Summary 167 

Average 
Concentration 

LCSS Than 
Detectable 

Volume 
( ~ 1 , 0 0 0 m 3 )  

6 
8 

8 

8 

6 

6 

5 

8 

5 

6 

6 

7 

8 

8 

95 

404 
492 

447 

458 

430 

4 28 

473 

4 84 

435 

445 

409 

409 

4 16 

430 

6,160 

Cni in - 
eo  02 
e o  02 

<o 02 

<o 02 

<o 02 

<o 02 

<o 0 2  

<o 02 
<o 02 

<o  02 

<o 02 

<o 02 

<o  02 

<o  01 

<o 02 

C n , u  

0 03 
004 

0 03 

0 0 4  

0 07 

0 02 

0 03 
0 27 

0 03 

0 02 

0 03 

0 07 

0 03 

0 05 

0 27 

- 

*The Radioactwity COnCentrahOn Guide (RCG,) for soluble plutonium m 
ambient a r  avdable to the general populahon is 20 X lo-’’ uCi/ml 

caw KCG,* 

c o o 2 2  38% e o 1 0  
< 0 0 2 ?  45% <o 10 

< 0 0 2  t 35% <o 10 

COO2 t 50% <o 10 

< 0 0 2  f 68% <O 10 

< 0 0 2 f  35% <o 10 

< 0 0 2 +  304 <O 10 

<O 04 + 123% <O 19 

c 0 0 2 f  36% <O 10 

< 0 0 2 f  31% <OlO 
< 0 0 2 t  38% e0 10 

<OO: t 669i <O 10 

<UOZ I 382 <O 10 

< 0 0 2  r 58% <O 10 

<o 02 f 21% <o 10 

TABLE 8 Plutoruum-239 and -240 Activity Concentrations in Community Ambient Air 

Concentration (X PCJrnl) 
Number of Less Than Volume 

Location Analyses Detectable (X 1,000m’)  cmm 

Boulder 11 5 408 <o 02 
Broom field 12 6 45 3 <o 02 

Denver 11 6 333 <o 02 

Golden I 1  4 393 <o 02 

Lafaye tte 12 1 456 <o 0 2  

Leyden 12 7 460 <o 02 
Superior 12 8 4 16 <o 02 

Wagner 12 7 455 <o 02 

Westmmster 12 6 415 <o 02 

- 

Summary 105 56 3,789 <o 02 
Average 

Concen t n  t ion 

Cmax 

0 06 

0 1 1  

0 03 

0 09 

0 03 

0 07 

0 03 
004 

0 06 

0 11 

- 
e0 02 t 63% 

<O 03 t 72% 

<o 02 t 40% 

<o 02 f 78% 

<o 02 f 35% 

<o 0 2  f 72% 

<o 02 t 45% 

<o 02 f 50% 

<O 0 2  f 58% 

< 0 0 2 f  18% 

Percent 

RCG, 

<o 10 
<o 15 

e o  10 

<o 10 

co 10 

<o 10 

<o 10 

<o 10 

<o 10 

Of * 

<o 10 

* The Rddtoactivity Concentration Guide (RCG,) tor soluble plutonium m 
ambient air avdable to the general populauon is 20 x lo-” pCi/ml 
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KfT-CNV-70 1 TABLI’Y 

TABLE 9 Mobile Ambient Air  Monitoring (MAAM) Detection 
Lniits  and National Ambient Air Quality Standards (NAAQS) 

Approxmate Mmlmum NAAQS 
Detectable Concentrahon Compliance Level 

Parameter (PPm) (PPm) 

Carbon Monoxide (CO) 0 01 3s ( I-hr avg) 
9 (8-hr avg) 

Total Suspended 
Pwticulates 

no data 75 i d m ’  (1 hr avg) 
260 pg/m’ (24-hr avg) 

Ozone (0, ) 0 005 0 1 2  (I-hr avg) 

Ni trogen Dioxide (NO, ) 0 005 0 05 (I-hr avg) 

Sulfur Dioxide (SO,) 0 01 0 03 (I-hr avg) 
0 14 (24-hr avg) 

Total Non-Methane 
Hydrocarbons* 

0 1  0 24 (3-hr avg 
(6-9 a m  ) I  

* This parameter is lor use as a guide in devising 
unplementation plans to achieve oxidant standards 

TABLE 10 On-Site Nonradloactwe Ambient AN Quahtya 

Sample 
Penod 

A P d  

May 
June 

July 

August 

September 

October 

Novern ber 

Carbon Monoxide 
@Pm) 

Monthly Hourly Average 

Cmm Cmax Caw 

0200 2230 0.500 
0210 3860 0420 

0 170 2 2 9 0  0 4 4 0  

ND 

ND 

ND 

1250 1 1 7 3 0  2 170 

ND 

Nitrogen Dioxide 

Hourly Average MontNy 
(ppm) 

- -  Cmm Cmax c a ,  

0009 0049 0 019 
0011 0063 0 022 

0008 0059 0 021 

0010 0066 0 025 

0 0 1 3  0053 0 023 

ND 

0003 0 130‘ 0030 
0009 0 169’ 0042 

a These data are from a ungie location m an area of Plant buddmp and represent an 
lndication of ambient concentrations at that location Span gases that pronde f 10% 
accuracy were used for tnstrument checks Overall accuracy of the data has not been 
determmed 

b ND means no data, instrument out o f  semce 
c Data suspect because of mtrument drift 

Hourly Average 

C m  Cmax - -  
N D ~  

0017 0078 
0015 0093 

0023 0 102 

0010 0093 

0011 0075 

0007 0063 

0005 0086 

Monthly 
Cavg 

0 043 

0 043 

0 041 

0 039 

0 043 

0 032 

0 030 
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Tabks 1 RTP-CNV-79 

Parameter 

TABLE I 1  Chemical and Biological Constituents of Liquid Effluents 

Discharge Point 001 

Agencya 
Lunitations Maxlmurn 

(daly  maurnurn) Conceq tration 

PH 
Fecal Coliform Count 

Dissolved Oxygen 

Total Resldual Chlorine 

Suspended Solids 

Biochemical Oxygen 
Demand, 5 d a y  

Total Phosphorus 

Yitrate .IS U 

Total Nitrogen 

Fluonde 

T o  tal Chromium 

Od and Grease 

Turbidity 

Color 

Dlscharge Point 0 0 2 b  

PH 
Nitrate as N 

Dlscharge Pomt 0 0 3 b  

Nitrate as N 

Total Dissolved Solids 

PH 
Chemical Oxygen Demand 

USEPAlCDH 

USEPA/CDH 

USEPAICDH 

USEPA/CDH 

USEPA/CDH 

USEPA/CDH 

USEPAICDH 

NAe 

USEPA/CDH 

USEPAICDH 

USEPAlCDH 

USEPAJCDH 

CDH 

CDH 

USEPAlCDH 

USEPAICDH 

USEPAICDH 

USEPAICDH 

USEPA/CDH 

USEPAlCDH 

6 0-9 0 SUc 

ZOO/ 100 mld 0/100 rnl 

9 7 su 

> 2  mg/l ( d d y  rnmrmum) 3 0 mg/l (mmrmurn) 

0 1 mg/l 1 4  mgll 

25 mg/l 21 0 mgJl 

25 mgll 

8 mg/ld 

VA 

20 m@ 

I 7 mgJl 

0 1 mg/l 

10 mgll 

3 0  NTUf 

30 uruts 

22 0 mg/l 

7 5 mgil 

1, 0 mgil 

22 2 mgil 

0 6 mg/l 

005 rng/l 

0 7 mg/l 

6 5 N T U  

40 uruts 

6 0-9 0 SU 
20 mg/l 1 2  0 mg/l 

8 9 su 

0 8 mg/i NA 

NA 255 mg/I 

NA 9 6 SU 
NA 48 0 mgP 

Annual 
Average 

Concentration 

7 2su 
0 / 1 0 0  rnl 

7 4 mg/l 

<O 1 mg/l 

<4 1 mg/l 

<4 1 mg/l 

1 1  mg/l 

<5 2 mg/l 

<10 1 mg/l 

0 4 mgil 

<O 05 mg/l 

0 3 mgJl 

1 7 N T U  

17 9 units 

a 2 su 
<5 4 mgJl 

<O 3 mg/l 

181 mgP 
a 4 su 

1 9  2 mg/l 

a USFPA-U S Environmental Protection Agency, Warhmgton, D C (Regonal Office VIII, Denver, Colorado) 
CDHColorado Department of Health. Water Quality Control Commission, Denver, Colorado 

b The USEPA-NPDES discharge permit defines Discharge Point 0 0 1 , 0 0 2 .  and 003 as the sewage treatment 
plant Pond A-3, and Pond C-1, respectively 

c SU-Standard Unit 
d Monthly average lunitabons 

e NA-Not Applicable 
f NTU-Nepholometer Turbidity Unit 
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TABLE 13, Plutonium,  U r m i u n i  dnd Aiiiericiuiii 

Activity Concentrations i n  Rocky Fhts Ponds 

Percent 
Number of of  

Location Analyses ci,m crnax c ~ v g  RCG, - -  - 
Plutonium Concentration (X vCi/ml)’L 

Pond A-3 
Pond 8-4 

PondC 1 

Pond A-3 

Pond B-4 

PondC 1 

Pond A 3 

Pond B-4 

Pond C-1 

31 0 0 1 2  0 2 0 4  00592  29% <001 

52 0 0 1 2  0 4 8 1  O 2 3 4 t  29% <001 

52 <0002 0 192 <0025 i 47% < O O t  

Uranium Concentration (X 1 0 - 9  pci/ml)b 

31 < 0 2  3 6 6  6 6  2 3 7 %  0 0 7  

52 1 2  1 3 7  5 4  + 1 3 %  0 0 5  

52 0 5  9 4  3 0  t 1 4 %  0 0 3  

Americium Concentration (X IO-’ v C i / m ~ ) ~  

3 1  0 0 1 3  0 1 9 6  0 0 4 1 ~ 3 4 %  <001 

52 0008 0 2 1 7  0 0 8 2  t 20% <001  

52 < 0 0 0 2  0 188 < 0 0 2 7 i  40% <001 

a Radiochemically determined as plutonium -239, 2 4 0  The Radioactmty 
Concentration Guide (RCC,) for soluble plutonium m water IS 1667 X 
K t l m l  

b Radiochemically determmed as uranium -233, -234. a i d  -238 The RCC, 
for soluble uramum IS 10.000 X 

c Radiochemically determmed as americium-241 The RCC, for soluble 
ameriaum-241 is 1330 x LO-’ pCi/ml 

rCJml 

Location 

Pond A-3 
Pond 8-4 

Pond C-1 

Walnut Creek 
at I n d m  Street 

Great Western 
Reservoub 

Standley Lake” 

TABLE 13 Tritium Activlty Concentra- 
tlons m Plant-Site and Regional Waters 

Concentration (X pCi/ml) 
Number of 
Analyses Cmm - Cmax Cavg 

3 1  <SO0 1300 <700 i 13% 
52 <500 1300 <700+- 8% 
5 2  400 1200 <700 i 7% 

5 1  <SO0 1400 <800 t 9% 

5 2  4 0 0  1200 <700 r 
52 <so0 lo00 <600t  6%‘ 

Percent 
of 

R C G , ~  

<O 07 

<O 07 
<O 07 

<O 08 

<O 07 
<O 06 

a The Radioactivlty Concentration Guide (RCG,) for tritium m water 
released to uncontrolled areas is 1 000,000 X lo-* uCJml 

b The State o f  Colorado Pnrnary Dnnkmg Water Regulation hmit for 
tntium is 20 000 $]/I (20 000 x IO-’ rCi/ml) 

c These tritlurn concentrations are less than 3 5% of the dnnkmg water 
regulation 
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Tables 1 KFP-FNV-79 

TABLE 14 Plutonium, Uramum, and Amencium Activlty Concentrations in  Walnut Creek 

Locauon Number of Analyses Cmm Cmax Cavg Percent of RCG, - 
Plutonium Concentrauon (X 1 0 - ~  rCi/ml)a 

Walnut Creek at I n d w a  Street 51  <o 010 0 297 <O 079  +- 42% <o 01 

Uranium Concentration (X 1 0 - ~  uCi/ml)b 

Walnut Creek at I n d w a  Street 51  1 9  9 9  4 8  * 10% 0 05 

Amenaum Concentration (X pCi/ml)c 

Walnut Creek at l n d w a  Street 51 <O 003 0 169 <O (139 2 23% eo 01 

a Radiochemically determmed as plutomum-239. 240  The Radioactivity Concentration Guide (RCG,) for 
soluble plutomum m water u 1667 x 

b Radiochemically d e t e m e d  as uraruum-233, -234, and -238 The most nstnctive RCG, for these soluble 
u m u m  uotopes u 10,000 x lo-’ pCl/ml 

c Ra&ochemically detemuned as amenaum-241 The RCC,,, for soluble ameriaum-241 is 1330 X lo-‘ pC:/ml 

l 

pCdml 

TABLE 15 Uramum Activlty Concentratlons in the 
Rocky Fiats Raw and Treated Water Supply 

Uraruum Concentration (X lo4 pCJml)* 

Number of 
~ n d y s e s  C m  Cmax Cavg - -  Locatlon 

Raw Water 49 0 9  5 9 6  11 2 _c 38% 

Treated Water 4 8  0 3  3 3 6  9 4 * 3 3 %  

Radiochemically determmed as uranium -233. 234 ,  and -238 
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TABLE 16 Plutoruum, Uranium, Amencium, and Tritium Activlty Concentrations in Hydroloplc Test Holes 

Location 
Number 

160 
2 6 0  
3 40 
4 6 0  
560 
6 6 0  
166  
2 4 6  
366  
168 
2 6 8  
368  
468  
1 7 1  
2 7 1  
3 7 1  
4-71 
5-71 
6-7 1 
1-74 
2-74 
3-74 
4 74 
5 -74 
6-74 
7-74 
8 -74 
9-74 

10-74 
11-74 
12 -74 
13-74 
14-74 
15-74 
16-74 
17-74 
18 74 
21 74 
22-74 
ws-1 
ws-2 
ws-3 

I 

Depth 

23 
30 
30 
30 
30 
30 

148 
146 
153 

4 
4 
4 
4 

30 
30 
2s 
22 
28 
30 
24 
10 
24 

6 
18 

7 
50 
40 
19 
10 
20 
4 

19 
4 

19 
4 

16 
7 

265 
315 

1 3  
I1 
13 

(ft )d - 

Plutonium Concentrationa 
(X 10- pCi/ml) 

May 
<o 01 
<o 02 

0 04 
0 10 
dry 

<o 02 
0 04 

<o 02 
<o 01 

dry 
dry 
dry 
dry 
0 02 
0 01 

<o 02 
0 02 
0 05 

<O 03 
<O 03 

dry 
<o 02 
<O 03 
<o 01 
<o 02 
<o 02 
<o 02 
<o 01 
<o 02 
<o 02 

dry 
<o 02 
<o 01 

0 02 
0 09 

<o 01 
<o 01 
<o 02 
<o 02 
<o 02 
<o 02 
<o 01 

November 

<O 03 
0 04 

<o 01 
0 03 
dry 

<o 02 
<o 02 
<o 02 
<o 02 

dry 
b Y  
dry 
dry 

<o 01 
0 03 
0 03 

<o 02 
<o 02 
<o 01 

0 04 
dry 

<o 02 
dry 

<O 03 
dry 

<o 02 
dry 

<o 02 
dry 

<o 01 
dry 

<o 02 
dry 

<O 03 
dry 

<o 02 
<o 02 
<o 02 

N A ~  
<o 02 

0 03 
<o 02 

Uranium Concentrationb 
(X 10- rCl/ml) 

May 
2 3  8 
I 1  5 
7 0  

1 1  3 
dry 

5 8  
1 3  
0 8  
1 6  

dry 
dry 
dry 
dry 
14 0 
0 7  
1 7  
3 1  
7 6  

32 0 
4 2  

dry 
4 6  
10 
1 1  
1 4  
3 1  
8 4  
4 3  
6 4  
3 6  

dry 
6 1  
2 0  

1 3  0 
4 2  

35 5 
59 6 
135 
3 2  
2 1  
2 4  
0 4  

November 

27 7 
3 4  

1 1  5 
8 0  

dry 
2 8  
0 8  
1 4  
5 1  

dry 
dry 
dry 
dry 

0 7  
0 5  
3 2  
1 7  
0 9  

29 1 
3 8  

dry 
0 2  

dry 
2 5  

&Y 
3 8  

dry 
12 7 
dry 
1 1  

dry 
5 4  

dry 
16 1 
dry 
13 9 

111 2 
0 8  

N A ~  
0 2  
0 2  
3 2  

Americium ConcentrationC 
(X 10- pCi/ml) 

May 
<o 02 
<o 02 
<o 02 

0 10 
dry 

<O 03 
0 02 

<o 01 
<o 02 

dry 
dry 
dry 
dry 
0 04 
0 03 
0 03 
0 02 

<o 02 
0 10 

<o 02 
dry 

<o 02 
co 02 
<o 02 

0 0 4  
<o 01 
<o 01 
<o 05 
<O 03 
<O 04 

<O 03 
<O 03 
<o 01 

0 07 
<o 01 
<o 02 

0 07 
0 03 

<o 02 
<o 02 
<o 01 

dry 

November 

<o 02 
0 09 

<o 02 
<O 03 

dry 
<O 03 
<O 03 
<O 03 
<o 02 

dry 
dry 
dry 
dry 
0 04 

<O 04 
<O 03 
<o 02 
<O 04 

0 09 
0 09 
dr y 

<O 03 
d w  

<O 04 
dry 

<O 03 
&Y 

<O 03 
dry 
0 04 
&Y 
0 10 
dry 

<o 02 
dry 
0 06 
0 06 

<o 02 
NAe 
0 04 

<O 04 
<O 04 

Tritium Concentration 
(X 10- rCi/ml) 

May 
1712 
1954 
<500 

820 
dry 

2126 
612 

1764 
939 
dry 
dry 
dry 
dry 

<500 
<5 00 
<so0 
<500 
<500 
3774 
550 
dry 
915 
701 

1953 
1669 
<500 
<so0 

591 
987 
<500 

dry 
1027 
<500 

616 
634 

1167 
<so0 
<so0 
<500 
<500 
400 
<so0 

November 

3901 
2626 
1356 
7660 

dry 
1596 
<500 
1355 
1448 
dry 
dry 
dry 
dry 

730 
<so0 
<600 

84 I 
777 

3766 
586 

dry 
<600 
dry 
1867 
dry 
<600 
dry 
1157 
dry 
<600 
dry 

860 
dry 
<600 
dry 
1294 
880 
721 
N A ~  

<500 
1017 
65 2 

a Radi&hemically determined as plutonium-239, -240 
b Radiochemically determmed as uraruum-233, -234. -238 
c Radiochemically determmed as amenaum-24 1 
& Depth IS t o  bottom o f  well 
e NA-Not Analyzed 
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Reservous 

Great Western 
Standley Lake 

Dnnkmg Water 

Arvada 
Boulder 
Broom field 
Denver 
Golden 
Lafayette 
LouISvllle 
Thorn ton 
Uestmrnster 

Reservous 

Great Western 
Standley Lake 

Dnnkmg Water 

Afvada 
Boulder 
Broom field 
Denver 
Golden 
Lalayette 
L43uUVllle 
Thornton 
Westmmster 

RCSCNOUS 

Great Western 
standley Lake 

Dnnlung Water 

Arvpda 
Boulder 
Broomfield 
Denver 
Golden 
Lafayette 
Loursnlle 
Thornton 
Westrmnster 

T A B L E  17 Plutonium, Uranium, and Amencium Activlty Concentrations in Public Water Supplies 

Number of Analyses 

1s 
12 

4 
12 
12 
4 
4 
4 
4 
4 

12 

44 
44 

4 
44 
44 

4 
4 
4 
4 
4 

44 

15 
12 

4 
12 
12 
4 
4 
4 
4 
4 

12 

Cmm Lmax 

Plutomum Concentratlon (X l o 4  JCi/ml)a 

<o 002 <O 024 <O 009 t 59% 
<O 003 0 020 <O 007 ? 52% 

<o 005 
<o 002 
<o 002 
<o 005 
<O 003 
<o 004 
<o 004 
<o 005 
<o 002 

0 013 
<o 012 

0 031 
<O 008 

0 013 
0 016 

<O 008 
0 018 
0 018 

<0010 t 68% 
~ 0 0 0 7  t 41% 
<0008 2 66% 
~ 0 0 0 7  2 36% 
<0007 t 98% 
<O 007 ? 151% 
< 0 0 0 6  2 48% 
<O 009 t 103% 
<O 007 f 51% 

Uranium Concentration (X 1 0 - 9  rCi/ml)b 

0 2  7 3  2: I 7 1  
2 0  5 1  3 3 - 11% 

0 3  
02 
02 
1 0  
0 9  
0 6  
0 7  
1.5 
0 8  

15 6 
7 2  
5 4  
4 1  
5 9  
2 8  
1 4  
8 1  
9 8  

<o 010 
<o 010 

<O 007 
<o 010 
<o 010 
<o 008 
<O 004 
<O 006 

0 012 
<O 007 
<o 010 

0 079 
<O 027 

0 034 
<O 027 
<O 027 

0 022 
0 049 
0 024 
0 060 
0 014 

<o 027 

4 9 ? 234% 
1 3  f 32% 
15 f 45% 
2 0  f 112% 
2 6  2 137% 
1 4  2 105% 
1 0  +- 50% 
4 6  L 105% 
2 8  t 21% 

<0017 t 65% 
< 0 0 1 6 f  11% 

<O 017 L 120% 
<O016t 10% 
< 0 0 1 4 f  39% 
<O 015 L 68% 
<O 023 f 138% 
< 0 0 1 2  f 121% 

0 0 2 7  133% 
0 0 1 1  f 43% 

<001S t 26% 

a. Radiochermcally determmed as plutonium-239, -240 The Radioactivity Conantratlon Guide (RCG,) for 
soluble plutomurn m water IS 1667 X lo-' rCcJml 

b Radiochemically determmed as uranium-233, -234. and -238 The most restnctlve RCG,  for these soluble 
uranium wtopes IS 10.000 x lo-' pCJmL 

c Radiochemically detennmed as amencn~rn-241 The RCC, for rolubk amenciurn-241 is 1330 X IO4 pCi/ml 

Pcrcen t of RCG, 

<o 01 
<o 01 

<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 

0 03 
0 03 

0 05 
0 01 
0 02 
0 02 
0 03 
0 01 
0 01 
0 05 
0 03 

<o 01 
<o 01 

<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 

17 
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TABLE 18 Plutonium, Uranium, Jnd Americium 
Activlty ConLentrahons in Regonal Waters 

Location Direction’ Plutoniumb Uim1umc Americiumd 

Boulder 
Diversion Canal 1, w <o 002 1 2  <o 010 

Boulder Reservou 15 N <O 044 4 2  <O 07 

Ddlon Reservoir 60. SW <O 004 1 4  <o 010 
Ralston Reservou 10. s <O 004 1 1  9 <o 010 

a Data represents dlstance (m d e s )  and duection from 
the Rocky Flats Plant 

b Radiochemically determlned as plutonium-239, 240 
c Radiochemically determlned as uranium-233 234, -238 
d Radiochemically determlned as amenaum-24 1 

TABLE 19 Plutonium Concentrations in Sod Samples 
at the East Boundary of 

Location pCi/g* mCi/km’ 

13-1 2 84 8 65 

13-2 1 7 7  6 02 

13-3 2 34 6 32 

1 3 4  3.52 11 90 

13-5 3 0 1  6 20 

1 3 4  2 4 4  5 98 

13-7 2 35 7 8 8  

13-8 2 5 4  6 65 

13-9 3 2 7  8 18 

Mean 2 68 7 5 3  

Median 2 5 4  6 65 

Percent 

-- - 

Relatlve 
Standard 
Devlation 20 25 

the Rocky Flats Plant 

Location pCi/g* mCi/km’ -- - 
21-1 4 0 1  1004 

21-2 2 13 7 6 5  

21-3 3 2 2  8 74 

2 1 4  2 0 8  9 0 6  

21-5 3 2 1  9 5 8  

2 1 4  2 3 2  8 5 1  

2 1 7  2 0 2  950 

21-8 2 4 6  7 12 

2 1 9  3 3 1  9 7 6  

Mean 2 1 5  8 8 8  

Medm 2 4 6  9 0 6  

Perant 
Relative 
Standard 
Devlatlon 25 1 1  

Concentrations are for the less than 2mm sue fractlon 
of sod 

TABLE 20 Enmronmental Thermo- 
lurmnescent Dostmeter Measurements 

Annual Dose 
Location Number of Measurements (mrem) 

%-Site (17) 133 146 t 3% 

Penmeter (16) 115 131 f 2% 

Communities (12) 92  142 t 3% 
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TABLE 21 Dose Conversion Factors Used in Dose Assessment Calculationsa 
rem cubic meter 

cune second Dose Conversion Factor 

Air Factorb Water ractorc 

Organ PU-239 -240 PU 239, -240 Am 241 U-233 234, 238 H 3  

Total Body 2 724 X 10’ 8 66 X 10” 8 84 X lo-’ 4 5 3  x 10-4 7 33 x 10‘’ 

hver 3 165 X 10’ 1 0  1 0 3  X 10‘ (e) (e) 

Bone 7 919 X 10’ 2 51  2 48 X 10’ 3 22 x 10-2 (e) 

Lungs 1 999 x 10’ (e ) (e) (e) (e) 

These factors are taken from the Rocky Flats Plant Enwonmental Impact Statement (to be pubbhed) ” 
For 0 3-um AMAD (Activtty Median Aerodynamic Diameter), mhalation rate of 2 66 x lo-‘ rn’/s tor chronic evposure ’’ 
Tor i n m e  rate of 1 65 hters ( 1  75 quarts) per day I *  

Awrned to be Class Y solubhty which is the least soluble of three solubhty classes as defined b y  the ICRP (ICRP 
Pubhation 19 lnternational Commission on Radution Protection May 1972) 
The values for the converuon factor are taken to be equal to that for the total body 

TABLE 22 Radioactivity Concentrations Used for 1979 Dose Calculations 

h r  hCi/mi) Water (pCi/ml) 
PU-239, 240 PU-239, -240 Am-24 1 U-233, -234, -238 H-3 

Site Boundary“ < 0 0 2 X  IO-’’ 0 0 7 9 X  IO-‘ <0039X  IO-‘ 4 8 X  IO-‘ <800X lo-‘ 
(maxunum) 

Site Boundaryb <O 02 X IO-” 0 079 X IO* <o 039 x lo-. 0 

Community b < 0 0 2 X  IO-” <0008X  lo-‘ <0017X  lo-‘ 0 

(maxlmum probable) 

(maxunum probable) 

a These concentrations mclude natural radioactwity, radioactivity from tallout, and 
some radioactivity of Plant ongm, they represent maxlmum conditions 

b These concentrations are adjusted to mitigate known concentratlons that are not 
of Rocky Flats origm The concentrations represent a reasonable X t  of values for 
maxunum probable dose calculations The communities are those mthm 80 km 
(SO mi) of Rocky Flats 

0 

0 
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TABLE 23 Natural Radiation Background Dose for the Denver Metropolitan Areaa 

Source 
Total Bodyb 
(mremlvr) 

Cosmic Radlahon 

Comic  Radionuclides 

External Terrestial 

Inhaled Radionuchdes 

Radionuchdes in the 
Body 

Total for One Year 

50 

07 

72 
- -  
27 

149 7 

so 
07 

72 
_ -  
21 

149 7 

50 

o a  
51  
-. 

60 

167 a 

a The values in this table are a summary of  vzlues derived from Reference 1 
b The values for the total body and live- are considered to be the same as the values 

reported for the gonads in Reference 1 

Lungs 
(mremlyr) 

so 
07 

72 

100 

24 

246 7 

TABLE 24 70-Year Dose Commitment From One Year of Chronic Intake Via k r  and Water 

Total Body Liver Bone 
source (mrem) (mrem) (mrem) 

Site Boundary <4 1 x IO" <5 0 x lo-' <13 

Site Boundary <4 0 X lo-' <4 7 x lo-' <12 

Community 4 6  <3 0 <7 3 

80 Kdometer' <26X loJ <3 0 x lo-' <7 3 x lo-' 

( m ax un u m ) 

( m m u m  probable) 

(maxmum probable) 

*Do= commitment IS assumed to be the same as that calculated at community locatlons 
No envuomental measurements were made to this distance (SO mdes) Due to the 
additlonai distance, lower dose commitments can be assumed 

Lungs 
(mrem) 

<1 6 x IO-' 

<I 2 x lo-' 

<I 2 

<I 2 x  lo-' 
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I L L U S T R A T I O N S  

(Figures 1 through 8) 

FIGURE 1 Area Map of Rocky Flats Plant and Surroundmg Commurutles 

i l  

7 1  



FIGURE 2 Mdp 01 thc Rocky Fldts Pldnt dnd lrnniediate Vicinity 



FIGURE 3 Holdmg Ponds and Liquid Effluent Watercourses 
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FIGURE 4 Typical Wmd Rose for Rocky Flats Plant 

NOTE This wmd rose IS denved from 1975 wlnd 
data whch is the most recent data that 
typifies wmd speed and direction of  the 
previous 25 years 

Wind rose sensor height 20’ 

A = frequency for a 
dtrection 1%) 

B = average velocity lmph) 
for a direction from 
which the wind blows 

c = calms (%) 

D = variable direction (%) 

0 10 20 30 

N 

\ 

40 
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FIGURE 5 Location of On Site Ambient Air Samplers 

Lesend 

Analyzed for TLLa only 

Analyzed for TLLa and Pu 
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FIGURE 6 Location of Ott Site Ambient Air Smplers  

Legend 

A Air Samplers 3 to 6 kilometers (2 to 4 miles) distance 

Community Air Samplers 

I L L  a 

Rocky 
Flats 

I \ h l n d i a n a  Street 
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FIGURE 7 Location of Hydroiogc Test Holes 

Legend - 
Test hole depth greater than 100 feet 

A Test hole depth less than 50 feet 

OCKY FLATS PLA 
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+ 9 +  + 

FIGURE 8 Location o f  Sod Sample Sites for 1979 
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Soil Sample Scheme 
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